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The melancholy tale of famine re- 
peats itself with sinister regularity in the 
course of man’s long struggle both with 
nature and his fellow man. Throughout 
recorded history, floods, drouths, earth- 
quakes, frosts, blights and plagues of 
insects have shown their devastating 
power from time to time to cause fam- 
ine and its accompanying pestilences. 
Furthermore, man himself, by his eco- 
nomic maladjustments, strifes and wars, 
creates additional conditions which also 
lead to want and hunger. But no matter 
how famine may be caused, pestilence, 
its faithful friend, stands always by, 
ready to add to the cauldron of misery 
a varied assortment of infectious agents 
which, in individuals or in multitudes, 
can destroy most quickly their devital- 
ized and less-resisting victims. 

Abraham Lincoln once said that God 
must love the poor because he makes so 
many of them. It might likewise be said 
that man must love disease because he 
makes so much of it. Although disease 
has always taxed the utmost powers of 
human ingenuity, human beings, never- 
theless, continue to create new maladies 
almost as rapidly as they learn to con- 
quer older ones. A host of man-made 
diseases — alcoholism, vitamin deflcien- 
cies, industrial disease, social strife, pov- 
erty, war — all testify to man’s unwilling- 
ness to learn the costly lessons of the 
past. Is it any wonder, therefore, that 
man-made famines follow so frequently 


the recurrent cycles of depressions and 
of wart 

The term famine is usually applied to 
the condition of a marked dearth of 
food; there are, of course, degrees of 
dearth, and individuals fortunate enough 
to possess some wealth can frequently 
get food or else flee from the famine 
area. This ability to buy food on the 
part of some, however, tends to increase 
the scarcity for others; in other words, 
the buying power of the few forces up 
the prices for the many, thus making the 
burden on the poor more severe. In Ger- 
many in World War I this sequence led 
to disaster and caused, in part, the flnal 
collapse. Due to governmental errors in 
the control of the limited food-supplies 
whereby farm pfices were fixed while 
wages were not, illegal selling of food 
soon led to the development of the per- 
nicious system of “schleich-handel,” to- 
day’s black market.” It has been esti- 
mated that near the close of the war from 
one quarter to one third of the Germans’ 
food supply consisted of smuggled 
goods. But inasmuch as the poor, under 
such circumstances, are powerless either 
to buy enough food, due to steadily ris- 
ing prices, or to escape from the area 
of famine, they constantly grow poorer. 
Soon fear and hunger become more 
urgent and panic hurries them along, 
first to spiritual and later to physical 
deterioration. 

The paramount fact in famine, there- 
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fore, is poverty, which, if not relieved, 
leads inevitably to disaster. As Geddes 
Smith has aptly said, “There can be no 
doubt that the bitter bread of poverty is 
seasoned with disease and early death.” 
For example, it is well known that the 
death rates from tuberculosis and pneu- 
monia vary inversely with the economic 
state ; and surveys made some years ago 
showed that the morbidity rates from 
pneumonia were twice as high in people 
on relief as in those with comfortable 
family incomes. The same trends also 
apply to tuberculosis (Smith). Walford 
has pointed out that nearly all the great 
epidemics of typhus have occurred dur- 
ing seasons of scarcity and want and 
that “whatever may have been the cause 
of the scarcity, it has been a common 
observation in many epidemics that the 
fever has raged among the poor in a 
degree proportionate to the privations 
they have endured. It was especially 
observable during the Irish potato fam- 
ine : those persons who had been reduced 
by insufficient food were invariably at- 
tacked.” It is apparent, therefore, that 
famine and poverty serve as faithful 
handmaidens to pestilence itself. 

Great famines have played a dominant 
part in shaping many of the events of 
history and few countries have escaped 
their moulding influences. Two thou- 
sand years before the birth of Christ re- 
current famines, due to failure of the 
Nile to flood, reduced the civilization of 
that time to the lowest levels of human 
degradation; since then fearful famines 
have occurred in India, Russia, England, 
Ireland, Europe, China and Egypt and 
it has been said (McKinnon) that dur- 
ing the first seventeen centuries of the 
Christian era famine occurred some- 
where nearly every eight years, accom- 
panied by pestilence almost every five. 

In all these famines poverty, hunger 
and fear combined to liberate the evil 
forces manifested so frequently in mur- 
der, robbery, suicide and revolution. 


For example, in some of Egypt’s early 
famines social strife quickly dominated 
the scene, and revolution led to counter- 
revolution as slaves turned on their mas- 
ters and citizens organized to kill the 
slaves. Peasants refused to till the 
fields for fear of being murdered, thus 
adding to the dearth of food. In a fam- 
ine portrayed in the second book of 
Kings cannibalism is described. In fact 
in all countries where famines have been 
unusually severe human flesh has been 
eaten, and not infrequently graves have 
been opened for their food. The Roman 
Empire suffered frequently, and in one 
famine thousands of desperate people are 
said to have drowned themselves in the 
Tiber because of the pangs of hunger. 
In England in the year following the 
battle of Hastings, William the Con- 
queror devastated the eastern coast so 
that “no hold might remain for any 
future invasion of the Danes. Harvest, 
cattle, the very implements of husbandry 
were so mercilessly destroyed that the 
famine which followed is said to have 
swept off more than a hundred thousand 
victims, and half a century later the land 
still lay bare of culture and deserted of 
men.” Again in England some cen- 
turies later the devastation following the 
Black Death so reduced the normal sup- 
plies of labor that “harvests rotted on 
the ground and the fields were left un- 
tilled, not merely from scarcity of hands, 
but from the strife which now for the 
first time revealed itself between capital 
and labour.” In Ireland, in the eight- 
eenth century, depressions and attendant 
poverty led to “want and misery on 
every face . . . the roads spread with 
dead and dying bodies, mankind the color 
of the docte and nettles which they fed 
on . . . the universal scarcity was fol- 
lowed by fluxes and malignant fevers, 
which swept off multitudes of all sorts, 
so that whole villages were laid waste.” 

Of Russia in recent years Gantt says ; 
“The famine of 1920-21 was probably by 
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far the worst in the history of Russia. 
Dogs, cats, horses, camels, rats, roots, her* 
ries, earth, dung, corpses were eaten, and 
the author knew of cases of human meat 
being sold in the market, and of people 
killing their sisters, brothers, parents 
and children for food. In Samara the 
insane asylum housed chiefly cannibals. 
Cities were sometimes reduced to one 
third or one half by famine and epi- 
demies.** 

These tragic hungers, fearful as they 
were, seem merely ‘‘curtain raisers** to 
the world-wide drama unfolding in the 
total war which now affects all nations. 
To-day the specter of famine struts 
across the stage more boldly than in for- 
mer wars, as to the forces which engender 
poverty and scarcity of food is added the 
impossibility of escape for many. Mod- 
ern war attempts, by sinkings from be- 
neath and on the sea and by bombs and 
fire from the sky, to bring stark famine 
to the enemy and thereby break his will 
to fight. In this grim struggle slight 
protection can be afforded women, chil- 
dren and non-combatants; in fact, if 
soldiers are to be fed, non-combatant 
populations, particularly those in con- 
quered countries, must suffer most of all. 
Infectious disease, therefore, becomes 
much more than a problem of germ- 
transmission. It becomes, instead, more 
complicated, and its development is sub- 
ject more and more to the determining 
influences of malnutrition which tend to 
deprive the body of the customary means 
of resisting infectious processes that are 
ordinarily well-borne. Moreover, famine 
usually is made worse by devitalizing 
fatigue as starving individuals strive as 
long as possible to secure the food essen- 
tial for their survival. If, also, they 
must endure slavery while working for 
their captors, inevitably the time will 
come when famine and pestilence will 
take over where war leaves off. And 
when that time comes, again it can be 
truly said that “Grim, gaunt and loath- 


some, like the three fateful sisters of 
Greek mythology, war, famine and pesti- 
lence have decreed untimely deaths for 
the hosts of the earth. ... A veritable 
trinity of evil, the three are as one 
scourge, equal in their devastating 
power and in their sinister universality** 
(Graves). 

The constant association of this “evil 
trinity** is not surprising in view of 
wars* disruption of the normal modes of 
life. The assemblage in intimate rela- 
tionships of large groups of young men, 
the manifold exposures to the elements 
and to one another with the resultant 
opportunities for the transmission of in- 
fectious agents from person to person, 
either directly or from increasingly con- 
centrated air contamination, all furnish 
abundant opportunities for “herd infec- 
tion.** Moreover, the disorganizations 
of civilian life, excessive taxation and 
the loss of crops and commerce involve 
every one in the generalized confusion. 
Inevitably there follow scarcities of food 
supplies, physical hardships, exposure to 
fatigue and to unsanitary ways of living, 
all of which may tend to lessen resistance 
to infectious disease. It is because of 
these effects, therefore, that in the past 
as epidemics of typhus, cholera, typhoid 
fever and relapsing fever followed fam- 
ine they earned the names of “famine 
fevers.** 

It is true that in many of the former 
wars the pestilences affected mainly the 
armies in the field, as seen, for example, 
in the epidemics of typhus and typhoid 
fever among Napoleon *s troops on their 
retreat from Moscow. But more disas- 
trous was their effect upon civilians as 
these soldiers spread disease both on the 
route from Russia and after their return 
home. Indeed Clark says that “the most 
serious human cost of war has been not 
losses in the field, nor even the losses 
from disease in the armies, but the losses 
from epidemics disseminated among the 
civil populations. It was the war epi- 
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demies and their sequelae, rather than 
direct military losses, that accounted for 
the deep prostration of Qermany after 
the Thirty Years War.” 

Of aU former wars this war (1618-48) 
affords perhaps the closest analogy to the 
present conflict. In it all Europe was a 
battlefield on which civilians suffered 
more than combatants as famine and 
pestilence took their heavy tolls. Prinz* 
ing, in fact, divided it quite simply into 
two main periods, the typhus period and 
the plague period. Major says that at 
the close of this long struggle, 

tlie picture of decolation, famine, dieeaee, death, 
confusion and anarchy presented by Central 
Europe resembled the chaos which followed the 
downfall of the Boman Empire ... in Qermany 
the cities had become depopulated and fallen 
into decay; the countryside, with its cultivators 
dead, became a dreary desert. The churches 
were destroyed or empty, with their priests dead 
or dispersed. The schools and universities had 
disbanded, their teachers killed or scattered to 
the four winds. The libraries and museums, 
repositories of centuries of learning and culture, 
had been destroyed. Central Europe has no 
blacker page in its long history of travail and 
suffering. ... It would be pleasant to record 
that some nuggets of pure gold had been drawn 
from the consuming Are of the Thirty Tears 
War, but the search has been fruitless. The 
contemporary historians' writings record only a 
melancholy story of plunder, pillage and pesti- 
lence. Their pages are filled with accounts of 
pestilence, scenes of horror and death, epidem- 
ics sweeping the cities and countryside, un- 
checked by any medical discoveries, dying down 
only for lack of victims. . . . The effects . . . 
in Germany were felt for several generations. 
While the scientists of England, France, Holland 
and Italy were making the astonishing discov- 
eries that mark the seventeenth century as a 
turning point in the history of science, depopu- 
lated and devastated Germany was rebuilding 
her destroyed cities, reclaiming her desert lands 
and trying to regain some vestiges of a civilisa- 
tion destroyed by thirty years of incessant war- 
fare. The war had made a desert not only of 
their country but of their minds as well. 

The description of this widespread 
chaos makes one wonder if indeed it is 
a preview of the coming years. The 
achievements of modern m^icine seem 
almost futile when confronted with such 


devastation. Universal misery, famine 
and destitution can largely ntdlify all 
efforts to prevent dissemination of dis- 
ease when, with water supplies polluted, 
with lice and rats breeding in the ruins 
of bombed cities, with scanty fuel ra- 
tions, with clothing inadequate for cold 
winters and with gnawing hunger immi- 
nent, people gradually lose the incentives 
to observe the simplest rules of hygiene. 
When to these factors are added severe 
malnutrition and despair, the record of 
the Thirty Tears War may once again 
become a familiar story in many Euro- 
pean homes. 

One of the tragedies of the present war 
lies in the fact that so many are now en- 
gaged throughout the world, and all with 
patriotic fervor, in tearing down those 
structures conceived and erected by 
some of the world’s great minds in an 
effort to eliminate the disastrous conse- 
quences of infectious disease. The con- 
quest of infection is a task in which all 
nations have had a share, and such names 
as Pasteur, Bouz, Ehrlich, Behring, 
Koch, Metc^ikoff, Jenner, Lister, Shiga, 
Kitasato, Smith and Ricketts illustrate 
the efforts of kindly men to conquer and 
control the ravaging pestilences of man- 
kind. Because of them the science, im- 
munology, arose, and through its influ- 
ence in a few short years infectious 
disease has lost much of its terror. Of 
these, Churchill’s tribute might be para- 
phrased, for never in the field of human 
endeavor was so much owed by so many 
to so few. Certainly within the past few 
decades more has been accomplished in 
the prevention and control of infectious 
disease than in all the centuries before. 
Such diseases as rabies, smallpox, ty- 
phoid fever, typhus, diphtheria, scarlet 
fever, plague and tetanus no longer call 
forth the dread once associated with 
their names. Improvements in the art of 
immunization ba^ on procedures devel- 
oped in the past half-century have made 
possible the protection of large popula- 
tions, both in military and in civil life. 
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Resistance to infectious disease de* 
pends upon defensive mechanisms either 
inherited or acquired. To some diseases 
man is naturally immune, just as there 
are human diseases to which the lower 
animals are resistant. Under normal 
conditions many kinds of bacteria, vi- 
ruses and animal parasites are unable to 
overcome these defensive mechanisms, 
but resistance to them, nevertheless, is 
always limited, and only slight environ- 
mental changes may, at times, disturb the 
delicate balance between susceptibility 
and resistance. 

The phenomena of acquired resistance 
are perhaps better understood than are 
those of natural resistance, and they cer- 
tainly are more relied upon in the 
handling of infectious disease. Upon 
them depend the powers of public health 
departments and of armies to operate 
confidently in preventing the spread of 
communicable disease. Although the 
basic facts of acquired resistance are so 
well known, details secured within recent 
years have helped to demonstrate farther 
both the potentialities and limitations of 
this defensive mechanism. A brief con- 
sideration of one aspect of acquired re- 
sistance may serve to clarify to some 
extent its complex relationships to many 
latent infectious processes which in war- 
time may flare up into severe pesti- 
lences. 

Bacterial infection, looked at from a 
general point of view, is in its beginning 
in most instances a local process; that 
is, the microorganisms, if they are to in- 
duce disease, must first penetrate the 
external barriers of the body and begin 
to multiply. If they are unable to grow 
in their new environment they soon suc- 
cumb; if, on the other hand, they grow 
and spread, they may disseminate to 
vital areas where ultimately they may 
cause a lethal outcome. It is obvious, 
consequently, that upon the microbe’s 
ability to grow depends its adverse ef- 
fects; the question of microbic growth, 


therefore, occupies the foreground of the 
general problem of infection and resis- 
tance. In bacterial infection. Time plays 
a commanding role : It is as important in 
an incipient infection as it is in a begin- 
ning forest-fire; for obviously, if condi- 
tions can be so controlled that bacteria, 
after entering the body, are compelled to 
remain localized at or near their portal 
of entry, in tissues unfavorable for bac- 
terial growth, many of the dangers of 
acute infection will be removed. 

Within the past few years much prog- 
ress has been made in the understanding 
of the process of bacterial growth in 
early infectious lesions. By the produc- 
tion in experimental animus of so-called 
’’model infections” it has been possible 
to observe through the microscope what 
actually happens in an area of beginning 
infection and to demonstrate how the 
development of an infective lesion can be 
controlled. For example, it has been 
learned that bacterial growth in normal 
tissues differs markedly from the growth 
in immune ones. In the latter the initial 
microbic growth is sparse and more cir- 
cumscribed, and the inflammatory reac- 
tion is intensified and more effective. 
This fact is now well known and has been 
amply demonstrated with several kinds 
of pathogenic microorganisms and in dif- 
ferent species of animals. One example 
will be given here, chosen because the 
facts are so well attested and so easily 
revealed. 

The normal rabbit is extremely sus- 
ceptible to infection with the pneumo- 
coccus. This fact is of particular signifi- 
cance because it affords an opportunity 
to study the early lesions sequentially in 
an infection which almost invariably 
leads to a lethal ending. This type of 
infection resembles in some respects, 
therefore, and particularly in its ulti- 
mate effects, infection of the human 
being with a virulent strain of the plague 
bacillus. Indeed some strains of the 
pneumococcus are so virulent and can 
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grow so readily in the rabbit’s tissues 
that as few as four microorganisms, if 
injected into the skin, will kill within two 
days. 

From careful microscopical studies of 
this so-called pneumococcic dermal lesion 
we know that the microorganisms grow 
freely in the tissues near their point of 
entrance, spread widely and rapidly to 
the body as a whole, and kill the animal 
by an overwhelming blood-stream infec- 
tion. This ‘ ‘ model infection, ’ ’ therefore, 
combines the conditions of absolute sus- 
ceptibility of the host and unusually 
effective parasitic adaptability of the 
pneumococci. And yet, by a very simple 
immunologic device, viz., immunization 
with dead pneumococci or injection of 
specific anti-pneumococcal serum, the 
native susceptibility of the rabbit can be 
changed into such a high degree of resis- 
tance that hundreds of lethal doses of 
virulent pneumococci can be injected 
with impunity. Microscopical observa- 
tion reveals the significant fact that the 
immediate immune reaction so affects the 
pneumococci as to stop their growth and 
spread through the contiguous tissues. 
Immune bodies specific for the pneumo- 
cocci, cooperating with the phagocytes, 
achieve the objective of acquired resis- 
tance, thereby converting a state of com- 
plete susceptibility into one of high 
resistance. 

Acquired resistance, therefore, whether 
it has been attained by artificial immuni- 
zation or after recovery from an earlier 
infections process, manifests itself pri- 
marily by an enhanced capacity to pre- 
vent the later development of infection 
of a similar type. This capacity, more- 
over, depends in large measure upon the 
effective action of specific antibodies. 
The nature of these antibodies has been 
for many years an unsolved problem 
because of doubt concerning their chem- 
ical composition. Within the past dec- 
ade, however, this problem has been 
solved. Chemical investigations have 


revealed the fact that antibodies are 
molecules of a body-protein, globulin, 
which has been specifically modified dur- 
ing its synthesis by contact with antigen. 
The demonstration of this fact unques- 
tionably marks one of the important 
mile-stones in the field of immunology 
and is to be compared in significance to 
the recent chemical discoveries of the 
carcinogenic hydrocarbons which have 
had such an important influence upon 
the study of cancer. 

Proof of the chemical composition of 
antibodies having thus been finally ac- 
complished, it soon became apparent that 
their continued production within the 
tissues depends upon the latter’s ability 
to synthesize globulin. This synthesis, in 
turn, requires the adequate intake of 
proteins in the food; in other words, 
food-proteins with a full complement of 
amino acids are essential both for the 
fabrication of normal globulin and of 
antibody-globulin. Diet, therefore, as- 
sumes a more significant role in acquired 
resistance than has hitherto been real- 
ized. Carbohydrates, minerals, fats and 
vitamins, regardless of their importance 
in the bodily economy, can not replace 
amino acids essential for globulin pro- 
duction ; in other words globulin can not 
be constructed without protein “build- 
ing stones’’ any more than masons can 
build with mortar only but without an 
adequate supply of bricks. 

These facts assume a larger signifi- 
cance now that proof has been estab- 
lished that prolonged severe protein- 
starvation leads progressively to the de- 
pletion of the body’s protein reserves 
from which both normal globulin and 
antibody-globulin are formed. Experi- 
ments in progress show, moreover, that 
animals so depleted lose the capacity to 
produce antibodies as abundanUy as do 
well-nourished animals. The capacity of 
a protein-depleted animal to form anti- 
bodies normally can be again restored, 
however, by the rebuilding of the body’s 
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protein reserves through the addition to 
the low-protein diet of a mixture of 
amino acids. 

The relationship of food-intake to anti- 
body-production becomes increasingly 
important to-day, for in a time of total 
war the protective potentialities of ac- 
quired resistance tend to undergo deteri- 
oration. And upon this deterioration 
may depend the fate of nations when 
they approach the abyss of imminent 
catastrophe as incipient infections begin 
to gain in strength and vigor. Such aug- 
mentation of microbic virulence may 
arise not only because of better opportu- 
nities for germ-transmission but also 
because starvation and fatigue, by their 
devitalizing action, may decrease the 
power of acquired resistance to function 
effectively. 

Several facts may be cited fore- 
shadowing these sinister eventualities; 
some, indeed, have already been alluded 
to with respect to the wars and famines 
of the past. More recent, however, is the 
evidence indicating the major roles 
played by starvation and disease in the 
termination of World War I. Although 
the Nazis wish to believe that that con- 
flict ended because of trickery by their 
foes, there is abundant evidence that the 
year 1918 revealed to Germany and to 
Europe the colossal power of famine and 
pestilence to dominate rulers, generals 
and councils of war. Although the pres- 
ent war has not as yet reproduced the 
widespread miseries of 1918, except in 
the captive countries, fragmentary re- 
ports are already filtering through that 
tuberculosis is once more on the increase 
in Germany and that throughout Europe 
typhus, typhoid fever, cholera and other 
scourges may not be far behind. These 
diseases may, for a time, be kept in 
check, but it will be no surprise if, as in 
World War I, malnutrition, poverty and 
pestilence once more find a common ren- 
dezvous. Armies have altered the map 
of Europe before only to find themselves 


powerless to escape from the relentless 
grasp of famine and pestilence. Napo- 
leon captured Moscow, but, when lack of 
food forced him to retreat, typhus and 
enteric disease soon made the grande 
armSe a pitiable mass of panic-stricken, 
starving, dying refugees. 

It is now well known that during 
World War I the death rate from tuber- 
culosis increased throughout Europe and 
that by 1918 it had doubled in Germany. 
The fact is all the more significant be- 
cause this death rate up until 1914 had 
been dropping steadily throughout the 
world; by 1918, however, it had risen 
again in Europe to a point about 25 per 
cent, higher than in 1914. 

In attempting to ascertain the causes 
of this formidable rise the possibility of 
housing shortages and the resultant 
overcrowding came to mind, but observ- 
ers soon pointed out that the rise in the 
mortality rate had preceded the housing 
shortage. Attention then was centered 
on the shortage of food, particularly fats 
and proteins. Furthermore, in Denmark 
the death rate from tuberculosis, al- 
though rising early in the war, dropped 
sharply in 1918. The probable explana- 
tion is that, as the food blockade in 1917 
became more effective, the elimination of 
food exports forced the Danes to con- 
sume their own vast supply of dairy 
products. Moreover, the tuberculosis 
death rate continued to decline after the 
war, although Denmark had a serious 
housing shortage at that time. 

In the present conflict, as in World 
War I, the slogan “Pood Will Win the 
War" still plays an important and per- 
haps a dominant part in military strat- 
egy. Morale, the objective of all propa- 
ganda, may be sustained for months or 
even jears by shrewd suppressions and 
distortions of the news, but no morale 
can be nourished indefinitely when 
suckled on the withered breast of hope- 
less and devitalizing hunger. Starvation 
will lead in time to lowered morale as 
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families sicken and die from infections 
which could be well tolerated in normal 
times. And always in the background 
lurks the danger that, as infectious 
agents pass more quickly from person to 
person under these conditions of de- 
creased resistance, the possible exaltation 
of microbic virulence or the increasing 
concentrations of infective agents may 
lead eventually to the setting-off of fear- 
ful epidemics. No one knows just how 
these world-wide epidemics start, but we 
know from World War I what happened 
when influenza, typhus and cholera 
swept over large parts of the world. In 
the fourteenth century the Black Death 
which caused the deaths of about one 
half of the peoples of Europe followed, 
according to one suggestion, a fearful 
famine in northern China. 

During the first World War famine 
brought into prominence a form of mal- 
nutrition whose importance had hitherto 
been largely imderestimated. As starv- 
ing peoples throughout Europe were 
forced to subsist on foods of low protein 
values, particularly potatoes, turnips, 
leafy plants and salty soups derived 
therefrom, large numbers of them, espe- 
cially when performing hard labor, be- 
came dropsical. Furthermore, physi- 
cians reported that many of these 
patients manifested a markedly in- 
creased susceptibility to infections of 
various sorts. This condition had long 
been known under a variety of names, 
the most common being war edema. Ob- 
servers looked vainly for the cause; 
although many suspected that it had a 
nutritional basis, attention centered 
largely around the idea that it was due 
to a vitamin inadequacy. Not until near 
the end of the war was the real cause 
determined ; in 1918 two American physi- 
ologists, Miss Eohman and Miss Den- 
ton, demonstrated conclusively that the 
edema was due essentially to a deficiency 
of protein in the diet. When rats were 
fed on a diet low in protein but with 


adequate amounts of carbohydrate, fats, 
vitamins and salts, the edema appeared; 
its elimination was accomplished solely 
by the addition to the diet of a sufficient 
amount of protein (casein). As Dr. A. 
J. Carlson remarked at the end of the 
war: "After observing and studying war 
edema throughout Eastern Europe I re- 
turned to find that the cause had been 
discovered in my own laboratory." 
Since then these experiments have been 
abundantly confirm^ and we know now 
that the edema is due to the lowered pro- 
tein content of the blood, the consequence 
of a prolonged low protein diet. When 
the protein levels of the blood fall below 
a certain value, referred to as the "edema 
level," fluids tend to accumulate in the 
tissues because the lowered osmotic pres- 
sure of the blood can no longer prevent 
this transudation. 

It is not surprising that in these states 
of hypoproteinemia there should be a 
lowered resistance to infectious agents 
because of an inability to synthesize anti- 
body-globulin as effectively as in normal 
times. 

The gradual depletion of the supplies 
of protein-rich foods in Europe under 
the circumstances of modem war seems 
almost inevitable. Although reliable in- 
formation is not available, there can be 
but little question that the shortage of 
fodder must have led already to serious 
restrictions in the production of meat 
animals and of milk and dairy products. 
A gradual diminution in the supplies of 
fish, fowl, meat, cheese and eggs will lead 
necessarily to greater reliance upon vege- 
tables, particularly potatoes (which con- 
tain only two per cent, protein) and to 
other vegetables of lower protein values. 
This war has been so planned and exe- 
cuted thus far by Germany that the first 
to suffer are the captive nations whose 
food resources have been "levied" and 
transported to Germany. There can be 
but little doubt, therefore, that starva- 
tion will reap its biggest harvest in 
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these conquered countries. Reports from 
Greece already tell of thousands dying 
from starvation, particularly infants and 
young children who can get but little if 
any milk, and similar events are doubt- 
less happening elsewhere throughout 
conquered Europe. However, the fact 
remains, so far as Germany is concerned, 
that food and livestock once confiscated 
can not be levied upon again with equal 
profit. The gradual deterioration of the 
food supply throughout all Europe can 
lead but in one direction ; and Europe is 
now in its fourth war winter. Further- 
more, the time may not be far away when 
Germany will no longer hold these coun- 
tries from which so much food is now 
confiscated. When that time comes, the 
real effects of famine inside Germany 
may quickly become more apparent. 

Continued emphasis upon the impor- 
tance of acquired resistance seems to be 
particularly warranted in the present 
war because infectious disease treats all 
alike. No longer is infection’s harm 
restricted primarily to the fighting 
troops; the workers on the farms and in 
the factories are of increasing value to 
the military effort and their health be- 
comes of prime importance. If, there- 
fore, they succumb to infectious agents 
because of privation, cold, fatigue and 
hunger, the war effort will inevitably de- 
teriorate. Such infections do not mean 
necessarily those commonly looked upon 
as war-time pestilences, but rather the 
so-called minor infections so commonly 
taken more or less lightly. Thus, 
’‘colds,” bronchitis, mild pneumonias, 
diarrheas, pharyngitis, wound infections 
and the childhood diseases — measles, 
whooping cough, scarlet fever and diph- 
theria — which usually are not character- 
ized by high death rates may become 
definitely more menacing. For example, 
Prinzing, in commenting on the effects 
of the siege of Paris of 1870, says : 

laiuffleient nouruhment is wldom the direct 
oaiue of death; on the other hand, it frequently 


80 weakens people that they are much more aub- 
jeet to sioknesa, or, if they have already con- 
tracted some disease, they are much more likely 
to die, or, if they recover, to convalesce slowly. 
Thus Vacher states that typhoid fever, which 
usually results fatally in one out of four eases, 
during the siege of Paris carried away no leas 
than forty per cent, of those who contracted it; 
tuberculosis, be says, often acquired an acute 
form and caused death within a few weeks. 
Little children present slight resistance to 
famine. 

The implications of these facts in 
severe starvation are obvious. Although 
the depletion of the body’s protein re- 
serves is gradual and may not take on 
alarming proportions for months or even 
years, nevertheless it will develop in- 
sidiously when one is compelled to live 
energetically and to work laboriously 
under conditions of exposure to fatigue 
and cold on an inadequate protein-intake. 
Furthermore, due to the fact that the 
protein foods are the most expensive 
kinds, and even if available, can not be 
purchased by people in countries whose 
currencies have been debased, poverty 
once more dominates the famine-picture, 
particularly in the occupied countries of 
Europe. No doubt the Germans entered 
this war with larger food reserves than 
in 1914, but it should be recalled that for 
many years their policy of guns before 
butter has had some effect upon the over- 
all nutritional picture of the German 
civilians. Only the future can reveal the 
long-time effects of such food-restriction, 
but it is apparent that the ideas of 
“blitzkrieg” and “vielejahinge krieg” 
are diametrically opposed. From now 
on the difficulties in replacing farm 
machinery will become greater, and with 
more and more persons thrown into the 
combat lines in Russia and elsewhere, the 
ability of old men, women, children, 
cripples and prisoners of war to grow the 
food will become more difficult. And 
even when produced the increasing strain 
on transportation is bound to tell in a 
protracted war. 

Out of these famines, wars and pesti- 



14 


THE SCIENTIFIC MONTHLY 


lences it is to be hoped that at least some 
human progress may have been achieved. 
Although too frequently only psycho- 
pathic manifestations dominate the his- 
torical scene, there is no doubt but that 
in some instances human welfare has 
been advanced. Although the Black 
Death killed its millions, in England it 
was followed by the Peasants’ Revolt, 
which accelerated the break-up of the 
large estates and the development of in- 
dustry by the enlarging middle class. In 
France the many famines caused too 
often by the excessive taxes imposed by 
wasteful kings and courts had their 
eventual aftermath in the Revolution of 
1789. Ireland, too, made her general 
contribution to world-wide progress 
when the potato famine of 1846 com- 
pelled starving millions to emigrate to 

HEALTH CONDITIONS 

If, in the midst of urgent war effort, justifi- 
cation is needed for the present publication, it 
is to be found in the fact that during the three 
years following the last war more individuals 
died from famine and preventable diseases than 
were killed in the war itself. This is the more 
impressive in that the death rate is no measure 
of the suffering and permanent impairment of 
health involved. The enormous loss of life was 
certainly due in part to the existing conditions, 
many of which were unavoidable, but was also 
attributable, in a much greater degree, to de- 
lay, chaos and the inadequacy of such early 
relief measures as were undert^en. For over 
a year after the signing of the armistice, relief 
work was organized only on the relatively frag- 
mentary scale possible for the limited resources 
of voluntary bodies. Moreover, the absence of 
any central coordinating machinery caused seri- 
ous overlapping, omissions and delay in the 
acquisition and transport of relief materials 
and personnel. Though from the beginning 
the problem was clearly far beyond the financial 
or administrative scope of private organizations, 
no central coordinating body was ever created, 
and more than a year elapsed before govern- 
ment contributions became available on any ex- 
tensive scale. During this time malnutrition and 
famine were widespread and steadily increasing, 
whilst epidemic diseases raged unchecked. 

It is only by the creation of a machine ready 
for immediate operation on the conclusion of 
hostilities that a similar but more terrible trag- 
edy can be averted. Our obligations to the 
peoples of occupied countries alone make urgent 
action a responsibility which we can only prop- 


America. Thus by an irony of fate, 
America, in compensation for her earlier 
gift to Erin of the lowly potato, was later 
repaid by the Irish in person. 

Less obvious are the effects of the pes- 
tilences when looked at from to-day’s 
point of view. We have seen that in 
World War I Germany found that empty 
stomachs do not win wars. This lesson 
does not seem to have been well learned 
and events now unfolding may reveal 
again that the Germans, by depending 
too much on psychological warfare and 
blitzkrieg, may have overlooked some 
important lessons of physiology and pa- 
thology. For although it is true that he 
who lives by the sword may perish by the 
sword, it is truer still that he who lives 
by the sword may also perish by the 
famine and the pestilence. 

IN POST-WAR EUROPE 

erly discharge by careful thought and adequate 
preparations at the present time. The problems 
to be considered are many and difficult, but on 
their wise and rapid solution will depend the 
lives and health of millions, and the physique 
and welfare of a generation to come. 

At present it is exceedingly difficult to visual- 
ize the general reconstruction that will be re- 
quired in post-war Europe in the spheres of 
politics, economics and administration, all of 
which must necessarily be shaped by develop- 
ments in Europe during the war and after. 
Medical problems are unlikely to vary in their 
character with the course of hostilities, and can, 
even now, be foretold with a reasonable degree 
of accuracy. Already malnutrition, and in some 
cases famine, with such resulting diseases as 
tuberculosis, are widespread over large areas of 
Europe, particularly Greece and Spain. Typhus 
fever is now epidemic in most of Eastern and 
much of Central Europe, as well as in Spain 
and North Africa. Mfdaria, too, is increasing. 
Unless these scourges are quickly combated they 
will become progressively more extensive as the 
war goes on, taking their toll of lives and health, 
including those of the young upon whom de- 
pends the future of humanity. As living con- 
ditions deteriorate, other diseases will inevita- 
bly be added to this group, and the growing 
shortage of medical personnel and supplies will 
make it less and less possible for many Govern- 
ments to take the necessary steps for their pre- 
vention and eradication. — From th$ foreword, 
** Medical Belief in Europe/* by Melville D. 
Mackengie, M.D,, The Boyal Inetitute of Inter- 
nationdl AffairOt London, 
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I PROPOSE to discuss the problem of the 
expanding universe from the observa- 
tional point of view. The fact that such 
a venture is permissible is emphatic evi- 
dence that empirical research has defi- 
nitely entered the field of cosmology. 
The exploration of space has swept out- 
ward in successive waves, first through 
the system of the planets, then through 
the steller system and, finally, into the 
realm of the nebulae. To-day we 
study a region of space so vast and 
so homogeneous that it may well be a 
fair sample of the universe. At any 
rate, we are justified in adopting the 
assumption as a working hypothesis and 
attempting to infer the nature of the 
universe from the observed characteris- 
tics of the sample. One phase of this 
ambitious project is the observational 
test of the current theory of the expand- 
ing universes of general relativity. 

I will briefly describe the observable 
region of space as revealed by prelimi- 
nary reconnaissance with large telescope, 
then sketch the theory in outline, and 
finally discuss the recent more accurate 
observations that were designed to clar- 
ify and to test the theory. 

The Observable Bbqiok 

The sun is a star, one of several thou- 
sand million stars which together form 
the stellar system. This system is a 
great swarm of stars isolated in space. 
It drifts through the universe as a swarm 
of bees drifts through the summer air. 
From our position near the sun we look 

I Twentieth annual Sigma Xi Lecture, pre- 
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out through the swarm of stars past the 
borders, into the universe beyond. 

Until recently those outer regions lay 
in the realm of speculation. To-day we 
explore them with confidence. They are 
empty for the most part, vast stretches 
of empty space. But here and there, 
separated by immense intervals, we find 
other stellar systems, comparable with 
our own. We find them thinly scattered 
through space out as far as telescopes 
can reach. 

They are so distant that in general 
they appear as small faint clouds min- 
gled among the stars, and many of them 
were long known by the name “nebulae.” 
Their identification as great stellar sys- 
tems, the true inhabitants of the uni- 
verse, was a recent achievement of great 
telescopes. 

On photographs made with such in- 
struments, these nebulae, these stellar 
S 3 ^tem 8 , appear in many forms. Never- 
theless, they fall naturally into an or- 
dered sequence ranging from compact 
globular masses through flattening ellip- 
soids into a line of unwinding spirals. 
The array exhibits the progressive devel- 
opment of a single basic pattern, and is 
known as the sequence of classification. 
It may represent the life history of stel- 
lar systems. At any rate, it emphasizes 
the common features of bodies which 
belong to a single family. 

Consistent with this interpretation is 
the fact that, these stellar systems, re- 
gardless of their structural forms, are 
all of the same general order of intrinsic 
luminosity (that is, of candlepower). 
They average about 100 million suns, 
and most of them fall within the nar- 
row range from one-half to twice this 
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average value. Giants and dwarfs are 
known, 10 to 20 times brighter or 
fainter than the average, but their num- 
bers appear to be relatively small. This 
conclusion is definitely established in the 
case of giants, which can be readily ob- 
served throughout an immense volume 
of space, but it is still speculative in the 
case of dwarfs which can be studied only 
in our immediate vicinity. 

The limited range in luminosity is im- 
portant because it offers a convenient 
measure of distance. As a first approxi- 
mation, we may assume that the nebulae 
are all equally luminous, and, conse- 
quently, that their apparent faintness 
indicates their distances. The procedure 
is not reliable in the case of a single ob- 
ject because the particular nebula might 
happen to be a giant or a dwarf rather 
than a normal stellar system. But for 
statistical purposes, where large numbers 
of nebulae are involved, the relatively 
few giants and dwarfs should average 
out and the mean distances of large 
groups may be accurately determined. 
It is by this method that the more re- 
mote regions of space, near the limits of 
the telescope, may be explored with con- 
fidence. 

Throughout the observable region we 
find the nebulae scattered singly, in 
pairs and in groups up to great compact 
clusters or even clouds. The small-scale 
distribution is irregular, and is domi- 
nated by a tendency towards clustering. 
Yet when larger and larger volumes of 
space are compared, the minor irregu- 
larities tend to average out, and the sam- 
ples grow more and more uniform. If 
the observable region were divided into 
a hundred or even a thousand equal 
parts, the contents would probably be 
nearly identical. Therefore, the large- 
scale distribution of nebulae is said to be 
uniform ; the observable region is homo- 
geneous, very much the same everywhere 
and in all directions. 

We may now present a rough sketch 


of our sample of the universe. The 
faintest nebulae that can be detected 
with the largest teleseope in operation 
(the 100-inch reflector on Mount Wil- 
son) are about two million times fainter 
than the faintest star that can be seen 
with the unaided eye. Since we know 
the average candle power of these nebu- 
lae, we can estimate their average dis- 
tance — 500 million light-years. A sphere 
with this radius defines the observable 
region of space. Throughout the sphere 
are scattered about 100 million nebulae, 
at various stages of their evolutional 
development. These nebulae average 
about 100 million times brighter than 
the sun and several thousand million 
times more massive. Our own stellar 
system is a giant nebula, and is presum- 
ably a well-developed, open spiral. The 
nebulae are found, as has been said, 
singly, in groups and in clusters but, on 
the grand scale, these local irregularities 
average out and the observable region as 
a whole is approximately homogeneous. 
The average interval between neighbor- 
ing nebulae is about two million light- 
years, and the internebular space is sen- 
sibly transparent. 

The Law of Bed Shifts 

Another general characteristic of the 
observable region has been found in the 
law of red shifts, sometimes called the 
velocity-distance relation. This feature 
introduces the subject of spectrum analy- 
sis. You are doubtless familiar with the 
fact that in general light from any 
source is a composite of many individual 
colors or wavelengths. When the com- 
posite beam passes through a glass prism 
or other suitable device, the individual 
colors are separated out in an ordered 
rainbow sequence known as a spectrum. 
The prism bends the light according to 
the wavelength. The deflections are least 
for the long waves of the red and are 
greatest for the short waves of the vicJlet. 
Hence position in the spectrum indicates 
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the wavelenjrtli of the light falling at any 
particular place in the Hequence. 

Incandescent solids, and certain other 
sources, radiate light of all possible wave- 
lengths, and their spectra are continuous. 
Incandescent gases, however, radiate 
only certain particular wavelengths, and 
their spectra, called emission spectra, 
consist of various isolated colors sepa- 
rated by blank spaces. The patterns are 
well known ; hence gases in a distant light 
source can be identified by their spectra. 

The sun presents a third kind of spec- 
trum known as an absorption spectrum. 
The main body of the sun furnishes a 
continuous spectrum. The heavy atmos- 
phere surrounding the main body is gase- 
ous and would normally exhibit an emis- 
sion spectrum. Actually, the atmosphere, 
because it is cooler than the main body, 
absorbs from the continuous background 
those colors it would otherwise emit. 
Therefore th(» solar spectrum is a con- 
tinuous spectrum on which is superposeil 
a pattern of dark gaps or lines. Tlu^se 
dark lines identify the gases in the solar 
atmosphere and indicate the physical 
conditions under which they exist. 

The nebulae are stellar systems and 


their spectra resemble that of the sun. 
Dark lines due to calcium, hydrogen, 
iron and other elements in the atmos- 
pheres of the component stars are iden- 
tified with complete confidence. In the 
case of the nearer nebulae, these lines are 
close to their normal positions as deter- 
mined in the laboratory or in the sun. 
In general, however, accurate measure- 
ments disclose slight displacements either 
to the red or to the violet side of the exact 
normal positions. 

Such small displacements are familiar 
features in the spectra of Stax’s and are 
known to be introduced by rapid motion 
in the line of sight. If a star is I’ajxidly 
approaching the observer, the light 
waves are crowded together and short- 
ened, and all the spectral lines appear 
slightly to the violet side of their normal 
positions. Conversely, rapid recession of 
a star drags out and lengthens the light 
wave.s, and the spectral lines are seen to 
the red of their normal positions. 

The amounts of these displacemenfs 
(they are called Doppler shifts) indicate 
the velocities of the stars in the line of 
sight. If the wavelengths an‘ altered by 
a certain fraction of the normal wave- 
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lengths, the star is moving at a velocity 
which is that same fraction of the veloc- 
ity of light. In this way it has been 
found that the stars are drifting about 
at average speeds of 10 to 30 miles per 
second, and, indeed, that the stellar sys- 
tem, our own nebula, is rotating about 
its (‘.enter at the majestic rate of one revo- 
lution ill perhaps 200 million years. 

Similarly, the nebulae are found to be 
drifting about in space at average speeds 
of the order of 150 miles per second. 
Such speeds, of course, are minute frac- 
tions of the velocity of light and the cor- 
responding Doppler shifts, which may be 
either to the violet or to the red, are 
barely perceptible. 

But the spectra of distant nebulae 
show another effect as conspicuous as it 
is remarkable. The dark absorption lines 
are found far to the red of their normal 
positions. Superposed on the small' red 
or vioI(»t shifts representing individual 
motions is a systematic shift to the red 
which increases directly with the dis- 
tances of the nebulae observed. If one 
nebula is twice as far away as another, 
the red shift will be twi(‘e as large; if 
n tiiiK's as far away, the red shift will 
be n times as large. This relation is 
known as the law of red shifts, and it 
appeal’s to be a quite general fcmture of 
the observable region of space. 

If these systematic red shifts are in- 
terpreted as the familiar Doppler shifts, 
it follo\\>4 that tlie nebulae are receding 
from us in all directions at velocities that 
increase directly with the momentary 
<listances. The rate of increase is about 
100 miles per second per million light 
years of distance, and the observations 
have been carried out to nearly 250 mil- 
lion light years where the red shifts cor- 
respond to velocities of recession of 
nearly 25,000 miles per second, or one 
seventh the velocity of light. 

On this interpretation we could ac- 
count for the present distribution of 
nebulae by the assumption that all the 


nebulae were once jammed together in a 
very small volume of spac^. Then, at a 
certain instant, some 1,800 million years 
ago, the jam exploded, the nebulae 
rushed out\vard in all directions with all 
possible velocities, and have maintained 
these velo(‘itics to the present day. Thus 
the nebulae have now receded to various 
distances, depending upon their initial 
velocities, and our observations neces- 
sarily uncover the law of red shifts. 

This pattern of history seems so re- 
markable that some observers view it 
wdth pardonable reserve, and try to im- 
agine alternative explanations for the 
law of red shifts. Up to the present, 
they have failed. Otlu'r ways are known 
by which red shifts miglit be produced, 
but all of them introdu(*e additional 
(‘ffects that should be conspicuous and 
actually are not found. Red shifts rep- 
resent Doppler effects, physi(‘al recession 
of the nebulae or the action of some hith- 
erto uniTcognized principle in natqre. 

Cosmological Tiikory ' 

The preliminary sketch of the obServ- 
able region was comple'j:ed alxitiU tjen 
years ago. It was m^t necessarily- a. fin- 
ished picture, but it furnished a rough 
framework within which precise, detailed 
investigations could be planned with a 
proper understanding of their relation 
to the general scheme. Such new inves- 
tigations, of course, were guided when 
practical by current theory. Let me ex- 
plain the significance of this procedure. 

Mathematicians deal with possible 
worlds, with an infinite number of logi- 
cally consistent systems. Observers 
explore the one partiimlar world we in- 
habit. Betw’een the two stands the 
theorist. He studies possible worlds but 
only <!bose which are compatible with the 
information furnished by observers. In 
other, words, theory attempts to segre- 
gate the minimum number of possible 
worlds which must include the actual 
world we inhabit. Then the observer, 
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with new factual information, attempts 
to reduce the list still further. And so 
it — observation and theory advanc- 

ing^ together toward the common goal of 
science, knowledge of the structure and 
behavior of the pliysical universe. 

The relation is evident in the history 
of cosmology. The study at first was 
pure speculation. But the exploration 
of space moved outw'ard until finally a 
vast region, possibly a fair sample of 
the universe, was ()|)ened for inspection. 
Then theory was revitalized; it now had 
a sure base from which to venture forth. 

Current theory starts with two funda- 
mental })rinciples, general relativity and 
the cosmologit^al principle. General 
relativity states that the geometry of 
space is determined by the contents of 
space, and formulates the nature of the 
relation. Crudely put, the principle 
stales that space is (uirved in the vicijiity 
of matter, and that the amount of curva- 
ture depcjuls upon the amount of 
matter. Because of the irregular distri- 
bution of matter in our world, the small- 
scale structure of spac(» is highly 
complex. However, if the universe is suf- 
fiidently homogeneous on the large scale, 
we may adopt a general curvature for 
the ujiiverse or for the observable region 
as a whole, just as we speak of the gen- 
eral (‘urvature of the earth’s surfa(*e, 
disregarding the mountains and ocean 
basins. The nature of the spatial curva- 
ture, whether it is positive or negative, 
and the numerical value, is a subject for 
empirical investigation. 

The second, or cosmological, principle 
is a pure assumption — the very simple 
postulate that, on the grand scale, the 
universe will appear much the same from 
whatever position it may be explored. 
In other words, there is no favored posi- 
tion in the universe, no center, no boun- 
daries. If we, on the earth, see the uni- 
verse expanding in all directions, then 
any other observer, no matter where he 
is located, will also see the universe ex- 


panding in the same manner. The pos- 
tulate, it may be added, implies that, on 
the grand scale, the universe is homo- 
geneous and isotropic — very much the 
same everywhere and in all directions. 

Modern cosmological theory attempts 
to describe the types of universes that 
are compatible with the two principles, 
general relativity and the cosmological 
principle. Profound analysis of the 
problem leads to the following conclu- 
sions. S\ich universt's are unstable. 
They might be momejitarily in equilib- 
rium, but th(‘ slightest internal dis- 
turbance would destroy the balance, and 
disturbances must occur. Therefore 
these possible worlds are not stationary. 
They are in general either contracting 
or expanding, although theory in its 
))resent form does not indicate either the 
direction of change or the rate of change. 
At this poijit, the theorist turned to the 
reports of the observers. The empirical 
law of red shifts was accepted as vi.sible 
evidence that the univ(*rse is expanding 
in a particular manner and at a known 
rale. Thus arose the conception of 
liomogeneous expanding universes of 
general relativity. 

In such universes the spatial curva- 
ture is steadily diminishing as the ex- 
pansion progresses. Furthermore, the 
nature of the expansion is such that 
gravitational assemblages maintain their 
identities. Tn other words, material 
bodies or groups and clusters of nebulae 
do not themselvt's expand but maintain 
their permanent dimensions as their 
neighbors recede fi’om them in all direc- 
tions. 

Several types of expanding universes 
are possible, and some of them can be 
further specified by the nat\ire of the 
curvature, whether it is positive or nega- 
tive. In fact, the particular universe we 
inhabit eoidd be identified if we had suf- 
ficiently precise information on three 
measurable quantities, namely, the rate 
of expansion, the mean density of matter 
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in space and the spatial curvature at the 
present epoch. Recent empirical investi- 
gations have been directed toward these 
problems, and the results will be briefly 
described in the remaining section of 
this discussion. 

Comparison or Theory and 
Observations 

We may begin with two r<‘sults which 
are thoroughly consistent with the 
theory. The fii‘st result concerns the 
assumption of homogeneity; the second, 
the conclusion that groups maintain 
their dimensions as the universe ex- 
pands. 

The distribution of nebulae has been 
studied in two wa>7s. The first informa- 
tion came from sampling surveys at 
Mount Wilson and at the Lick Observa- 
tory. Small areas, systematically scat- 
tered over the sky, were studied with 
large telescopes. Thus the nebulae that 
were counted lay in narrow cones pene- 
trating to vast distances. These surveys 
established large-scale homogeneity over 
the three quartei’s of the sky tliat could 
be studied from the northern latitudes 
of the observatories involved. 

Later, the Harvard College Observa- 
tory, with the help of its southern sta- 
tion, has furnished counts of nebulae 
extending over large areas but made 
with telescopes of moderate size. In 
other wwds, the nebulae are scattered 
through wide cones penetrating to mod- 
erate distances. Shapley, in his reports, 
has stressed or perhaps overly stressed^ 
the familiar, .small-scale irregularities of 
distribution, but analysis of such pub- 
lished data as are adequately calibrated 
agrees with the earlier conclusion. In 
fact, the mean results from the two quite 
different methods of study are sensibly 
the same. This fact re-emphasizes the 
large-scale homogeneity of the observable 
region. 

The second result is derived from a 
study of the Local Group. Our own stel- 


lar system is one of a dozen nebulae 
which form a loose group more or less 
isolated in the general field. These 
neighboring systems furnished the first 
clues to the nature of the nebulae and 
the scale of internebular distances. 
They are so near that their brightest 
stars could be recognized and compared 
wdth similar stars in our own system. 
Radial velocities of the members of the 
Local Group, listed in Table I, suggest 
that tin; law of red shifts probably does 
not operate within the group. This con- 
clusion is positive evidence supporting 
the validity of the theory. If the uni- 
verse is expanding, the group maintains 
its dimensions as the theory requires. 


TABLE I 

Uai>i.\[. Vkukitikb in thk Lkm’al Group* 







Known 

Observed 

velocity 

ill 

'ii: 


incmberfi 

IIS 

SaS 

5^ J3 

X ^ 

Velod 
with 
shift 1 
movec 

L M C 

4. 45 

0.085 

+ 13 

+ 32 

S M C 

+ 13 

0.005 

f 10 

- :i 

M 31 

-130 

0.7 

+ 110 

- 240 

M 33 

- 140 

0.7 

+ 115 

- 205 

NGC 0822 

+ 20 

0.5 

+ 85 

- 00 

IC 1310 

-370 

1.3 

+ 210 

-580 

Fornax 

- 40 

0.(1 

i 100 

- HO 


I'robHblo 


itiemlH>rH 


NGC 0940 

+ 90 

1.0 

+ 205 

-175 

NGC 1609 

+ 00 

2.3 

+ 370 

-310 

IC 342 

f 30 

2.3 

1^370 

-310 


* Tbr obMprviHl vplocitlrH (Mpcond ooluinii) rp|»rp- 
nont H more roHsonablo dislribullon than tbo volori- 
Hph corrocloil for rwl Hhlfta (Hfth column). Tho 
latter arc all Inr^o and nojSHtlve with the excep- 
tion of the flrjit two. for wliich the corn'ctlonH are 
InHif^nihcant. Thla fact HiiRireHtH that the law of 
retl ahiftH doew not oiKfrute within the Local (iroup. 

The remainder of the recently accumu- 
lated information is not favorable to the 
theory. It is so damaging, in fact, that 
the theory, in its present form, can be 
j^ved only by assuming that the obser- 
vational results include hidden syste- 
matic errors. The latter possibility will 
naturally persist until the investigations 
can be repeated and improved. Never- 
theless, a careful reexamination of the 
data now available suggests no adequate 
explanation of the discrepancies. 
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THE SPIRAL NEBULA, MESSIER 81 

THIS stellar system IS AT A DISTANCE OF ABOUT THREE TIMES THAT OF THE GREAT SPIRAL IN 
ANDROMEDA, AND ONLY A FEW OF THE BRIGHTER STARS CAN BE SEEN INDIVIDUALLY. 
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The InterpretatioxV of Red Shifts 

The investigations were designed to 
determine whether or not red shifts rep- 
resent aetuaJ recession. In priiKople, the 
problem can be solved; a rapidly reced- 
ing light source appears fainter than a 
similar but stationary source at the same 
momentary distance. The explanation 
of this well-known effect is quite simple 
when the beam of light is pictured as a 
stream of discrete quanta. Rapid reces- 
sion thins out the stream of quanta; 
hence fewer quanta reach the eye ])er 
sccomh and the intensity, or rate of im- 
pact, is necessarily reduced. Quantita- 
tively, the normal brightiu^ss is reduced 
by a fraction which is merely the veloc- 
ity of recession divided by the velocity 
of light — in other words, the red shift 
expressed as a fraction of the normal 
wavelengths of the light in (piestion. 
Re(*ession at one tenth the vehxuty of 
light reducers the apparent brightness by 
10 p(*r cent. ; at one quarter the velocity 
of light, by 25 per cent. 

For velocities of a few miles or a few 
hundred miles ])er second, the dimming 
factor is negligible. But for the ex- 
tremely di.stant nebulae, where the ap- 
])arent recessions reach tens of thousands 
of miles per second, the effects are large 
enough to be readily observed and mea- 
sured. Hence, if we knew the distances 
of nebulae quite accurately we could 
measure their apjiarent faintness and 
tell at once whether or not they are re- 
(•(‘ding at the rates indicated by the red 
shifts. 

Unfortunately, the problem is not so 
simple. The only general criterion of 
grtat distances is the very apparent 
faintness of the nebulae which w^e wish 
to test. Therefore, the proposed test in- 
volves a vicious circle, and the dimming 
factor merely leads to an error in dis- 
tance. However, a possible escape from 
the vicious circle is found in the follow- 
ing procedure. Since we know the in- 
trinsic lnminositi(»s of nebulae, their 


apparent faintness furnishes two scales 
of distances depending upon w^hether we 
assume the nebulae to be stationary or 
receding. If, then, we analyze our data, 
if we map the observable region, using 
first one scale and then the other, we 
may find that the wrong scale leads to 
contradictions or at least to grave diffi- 
culties. Such attempts have been made 
and one scale does lead to trouble. It is 
the scale which includes the dimming 
factors of recession, which assumes that 
the universe is expanding. 

Alternative Forms of the Law 
OP Red Shifts 

The project was carried out by the 
precise formulation of (a) the law of 
red shifts and (b) the large-scale dis- 
tribution of nebulae. The form of the 
law of red shifts is most readily derived 
from the study of the brightest nebulae 
in the great clusters. These nebulae, as 
a class, are the most luminous bodies in 
the universe, and their spectra can be 
recorded out to the maximum distances. 
Furthermore, the clusters are so similar 
that the apparent faintness of the five or 
ten brightest members furnishes reliable 
relative distances. The observations now 
extend out to about 24() million light 
years where the red shift is about 13 per 
cent, of the normal wavelengths of the 
incoming light. Since the corresponding 
velocity of recession is the same fraction 
of the velocity of light, the nebulae in 
the most distant cluster observed, if they 
are actually receding, will appear 13 per 
cent, fainter than they would appear if 
they were stationary. The difference is 
small but, fortunately, the measures can 
b« made with fair accurac.y. 

The results may be stated simply. If 
the nebulae are .stationary, the law of red 
shifts is sensibly linear; red shifts are 
a constant multiple of distances. In 
other words, each unit of the light path 
contributes the same amount of red 
shift. 
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A QUADRUPLE SYSTEM OF NEBULAE 

THK THREE SPIRALS, NOC 3185, 3187 AND 3190, TOORTHEE WITH THE ELLIPTICAL SYSTEM, NOC 
3193, FORM A QUADRUPLET LYING AT A DISTANCE OP ABOUT 7.5 MILLION LIGHT YEARS PROM 

THE EARTH. 
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Oil the other hand, if the nebulae are 
receding?, and the dimmiiifj^ factors are 
applied, the scale of distances is altered 
and the Jaw of red shifts is no longer 
linear. The rate of expansion increases 
more and more rapidly with distance. 
The significance of this rt'sult becomes 



Tlie law of red Hhiftn at very grent difitiincos 
is derived as a relation between apparent mag- 
nitudes of the fifth brightest members of clus- 
ters and the mean red shifts observed in the 
clusters. The relation, log dX/X -0.2 mr, -I- con- 
stant, shown as a full line in the diagram, indi- 
cates a linear law of red shifts (dX/X = constant 
^distance). Tn the diagram, large discs repre- 
sent clusters of high weight; dots, clusters of 
low weight; crosses, weighted means. Observed 
magnitudes have been corrected for all known 
effects (including the “energy effects, “ 3dX/X), 
except recession factors. Thus, for a stationary 
universe, the law of red shifts is sensibly linear. 
For an expanding universe, the recession factors 
would be applied, and the law would depart from 
the linear form. Such departures, shown by the 
broken curve, imply that the rate of expansion 
has b(*en slowing down, and that the “age of 
the universe,” the time since the expansion 
started, is less than 1,000 million years. The 
diagram includes minor revisions of the obser- 
vational data in accordance with recent inves- 
tigations. 

clear when we reverse* the picture. Light 
that reaches us to-day left the distant 
nebulae far back in the dim past — hun- 
dreds of millions ol* years ago. When 
we say that the rate of expansion in- 
cn*ases with distance, we are saying that 
long ago the universe was expanding 


much faster than it is to-day, that, for 
the la«t several hundred million years at 
least, the rate of expansion has been 
slowing down. Therefore, the so-called 
‘‘age of the universe,” the time interval 
sin(*e the exfiansion began, is much 
shorter than the 1,800 million years sug- 
gested by a linear law of red shifts. If 
the measures are reliable, the interval 
would be less than 1,000 million y cal's — 
a fraction of the age of the earth and 
comjiarable with the history of life on the 
earth. The nature of the expansion is 
permissible, and, in fact, specifics certain 
types of possible worlds. But the time 
scale is probably not acceptable. Either 
the measures are unreliable or red shifts 
do not represent expansion of the uni- 
vtrso. 

The Laroe-Soale Distribution 
OP Nebulae 

If the new formulation of the law of 
red shifts were unsupiiorted by other 
evidence, the implications would prob- 
ably be disregarded. But similar dis- 
crepaneies are met in quite independent 
studies of large-scale distribution. Five 
sampling surveys (four at Mount Wil- 
son and one at Mount Hamilton) made 
with large reflectors, furnish the num- 
bers of nebulae per unit area in the sky 
to sueeessive limits of apparent faint- 
ne.ss. The results furnish the numbers 
of nebulae per unit volume in five 
spheres whose radii range from about 
155 to 420 million light years on the sta- 
tionary distance scale, or about 345 to 
365 million light years for the expanding 
distance scale. 

On the assumption that red shifts do 
not represent actual recession, the large- 
scale distribution is sensibly homogene- 
ous — the average number of nebulae per 
unit volume of space is much the same 
for each of the spheres. Further con- 
firmation is found in some of the recent 
Harvard counts of nebulae which fall 
within the area of the sky covered by the 
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A SAMPLE OF THE. UNIVEKSE 

THE PHOTOGRAPH (A NEGATIVE PRINT, INSTEAD OP THE USUAL POSITIVE, TO SHOW VERY PAINT 
images) is ENLARGED PROM THE CENTRAL REGION OP A SURVEY PLATE MADE WITH THE 100-lNCH 
REFLECTOR, USING A LONG EXPOSURE AND A PAST EMULSION. SCATTERED AMONG THE PORKOROUND 
STARS (which belong TO OUR OWN STELLAR SYSTEM) ARE POUND THE FAINT IMAGES OP MANY 
NEBULAE DISTRIBUTED THROUGH A CONE OF SPACE, WITH APEX AT THE OBSERVER, REACHING OUT 
TO A DISTANCE OF THE ORDER OF 400 MILLION LIGHT YEARS, SOME OP THE BRIGHTER IMAGES 
(DARK IN THIS NEGATIVE PRINT) ARE MARKED BY ARROWS. THE STUDY OF SU(’H SAMPLES IN 
SURVEYS REACHING TO DIFFERENT DEPTHS, INDICATES THAT THE LARGK-Sl^ALE DISTRIBUTION OP 
NEBULAE IS APPROXIMATELY UNIFORM THROUGHOUT THE OBSERVABLE REGION OF THE UNIVERSE. 
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deep surveys and whiidi are based on the 
same seale of apparent faintness. Suffi- 
cient data can be extracted from the 
reports to determine a mean density over 
larire areas extending out to perhai)s 100 
million li^dit years, and the result is in 
substantial a{?reement with those of the 
earlier investijrations. All these data 
lead to the very simple conception of a 
sensibly infinite, homofreneous univei’se 
of which the observable region is an 
insignificant sample. 

The inclusion of dimming corrections 
for recoision, because they alter the scale 
of distance in a non-linear way, neces- 
sarily destroys the homogeneity. The 
number of nebulae per unit volume now 
appears to increase systematically with 
distance in all directions. The result 
violates the cosmological jirinciple of no 
favored position, and, consequently, is 
i’eferr(‘d to some neglected factor in the 
cahmlations. If the density apfieared to 
diminish outward, we should at once 
suspect the presence of interiiebular ob- 
scuration, or, perhaps, the existence of 
a super-system of nebulae. But an ap- 
parently increasing (bmsity offers a 
much more serious ])roblem. About the 
only known, permissible interpretation 
is found in positive spatial curvature, 
which, by a sort of optical foreshorten- 
ing, would crowd the observed nebulae 
into apparently smaller and smaller vol- 
umes of space as the distance increased. 

Spatial curvature is an expected 
feature of an expanding universe, and, 
together with the precise form of the law 
of red shifts, further specifies a ]mrticu- 
lar type of possible world. Thus, if the 
measures were reliable, we might con- 
clude that the initial cosmological prob- 
lem had been solved — that now we knew 
the nature of the universe we inhabit. 
But the situation is not so simple. Just 
as the departures from linearity in the 
law of red shifts indicate a universe that 
is strangely young, so the apparent de- 
partures from homogeneity indicate a 


universe that is strangely small and 
dense. 

The sign of the curvature required to 
restore homogeneity is positive, hence 
the universe is “closed” — it has a finite 
volume, although, of course, there are 
no boundaries. The amount of curva- 
ture indicates the volume of the universe 
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FI(3. 2. hAROE-SOALK DISTRIBUTION 
OF NEBULAE 

If N,„ is the number of nebubio per scpuire 
degree brighter than apparent magnitude m, 
then the average dfumity (number of nebulae 
divided by volume of space), in arbitrary units, 
18 represented by (log N,„“-0.6m). Each ))oint 
in the diagram represents a survey in which the 
observed ni have b(‘(‘n eorrt*eted for all known 
effeetM (including the ^‘energy eflFects, 3 dX/X) 
but omitting the ‘ ‘ rc'cessioii factors, * ^ dX/k. 
'Phe diagram indieates that, for a stationary 
universe, the density is independent of distance 
(or red .shift). If the universe were expanding, 
“recession factors” should be aj>plied, and the 
)ioiiitH would fall along the broken line, indicat- 
ing that the density increases steadily witli dis- 
tance. In order to escape this conclusion, it is 
necessary to introduce still another effect, such 
as spatial curvature, which exactly compensates 
the recession factors. The dots represent sur- 
veys made at Mount Wilson and Mount ITainil- 
ton; the first cross, the Shapley-Ames survey to 
111-13+;; the second cross, Harvard counts to 
ni-17.5, exiracted from Proc. Nat. Avad.^ 24: 
148, 1938, and 26: 166 and 554, 1940, and re- 
duced according to the procedure used in redue 
ing the deeper surveys. 

-about four times the volume of the 
observable region. Su(?h a universe 
would contain perhaps 400 million nebu- 
lae. The total mass, however, would be 
far greater than that which can bo at- 
tributed to the nebulae alone. 
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Conclusion 

Thus the use of dimmiu<»: corrections 
leads to a particular kind of universe but 
one which most students are likely to re- 
ject as hijrhly improbable. Furthermore, 
the stranjre features of this univei’se are 
merely tlie dimmin^^ corrections ex- 
pressed in different terms. Omit the 
dimminfr factors, and the oddities van- 
ish. We are left w’ilh the simple, even 
familiar concept of a sensibly infinite 
universe. All the difficult i(‘s are trans- 
ferred to the interpretation of red shifts 
which can not then be the familiar veloc- 
ity shifts. 

Two further points may be mentioned. 
In the first place, the reference of red 
shifts to some hitherto unknown princi- 
ple does not in any way destroy the 
validity of the theory of expaudinj? uni- 
verses. It merely removes tlie theory 
from immediate contact with observa- 
tions. We may still suppose that the 
universe is either expand inpr or coutract- 
inj? but at a rate so slow that it can not 
now' be disentanjrled from the ^ross 
effects of the superposed red shifts. 

Secondly, the (‘onclusions drawm from 
the empirical invest ijyations involve the 
assumptions that the measures are reli- 
able and the data are representative. 
TIu'se questions liave been carefully re- 
examined during: the past few years. 
Various minor revisions have been made 


but the end results remain substantially 
unchanjred. By the usUial criteria of 
probable errors, the data seem to be suf- 
ficiently consistent for their purpose. 
Nevertheless, the operations are delicate 
and the most sijrniflcant data are found 
near the limits of the jrreatest telescopes. 
Under such conditions, it is always pos- 
sible that the results may be affected by 
hidden systematic errors. Althou^rh no 
.supr^estion of such errors has been found, 
the possibility will persist until the in- 
vestijrations can be repeated wdth im- 
proved techniques and more powerful 
telescopes. Ultimately, the problem 
should be settled beyond question by the 
20()-inch reflector destined for Palomar. 
The ranjre of that telescoi^e, and the cor- 
respond inji: ranp:es of the dimminpr cor- 
rections, .should be about twice those 
examined in the present investif?ations. 
Factors of 25 per cent, in the apparent 
brip:htness of nebulae at the limits of the 
specdro^raph, and 40 to 50 per cent, at 
the limits of direct photOf>:rai)hy, should 
be unmi.stakable if they really exist. 

Meanw'hile, on the basis of the evi- 
dence now available, apparent dis- 
crepancit's between theory and observa- 
tion must be recojrnized. A choice is 
presented, as once before in the days of 
Copernicus, betw’een a stranjrely small, 
finite univei’se and a sensibly infinite 
universe plus a new' principle of nature. 



SOIL AND WATER ECONOMY IN THE PUEBLO 
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I. FIELD STUDIES AT MESA VERDE AND NORTHERN ARIZONA 

By Dr. GUY R. STEWART and Dr. MAURICE DONNELLY 

SOIL (’ONSERVATION SKRYIf’E, V. S. DKI’AKTAIENT OF AORiri’LTORE 


Centuries before the permanent setth*- 
meiit of Aineriea by white men the 
Pueblo Indians of the arid Sou tli west 
developed methods of soil and water eon- 
servatioii whieh they used effeetively to 
maintain produetion of their crops of 
eorn and beans. The extent and variety 
of these early American methods of soil 
and w'aler conservation are the subject 
of former articles in The Sctentieic 
Monthly^ and elsew'here.'* 

Since then further work has been 
carried out to try to determine the effec- 
tiveness in soil and water conservation of 
the agricultural pra(*tices of the first 
cultivators at four centers of Pueblo set- 
tlement. The locations studied were the 
Mesa Verde Plateau, the primitive vil- 
lafjces adjacent to Navajo Mountain in 
northern Arizona, the ruins found on the 
northern rim of the Grand (canyon and 
the early settlements of the San P^ran- 
cisco Mountains. The freneral situation 
of these places of study is showTi on the 
accompanyiufi: map of the Pueblo Pla- 
teau (Fijr. 1). In addition, further ex- 
amination w^as made of the systems of 
flood w^ater irrigation in use at the pres- 
ent day on the Zuni Reservation in 
central New Mexico. 

Mesa Verde Plateau 

Fig. 2 shows the location of the areas 
on Chapin Mesa, Wickiup Canyon and 
Wetherill Mesa, w^here further detailed 
studies w’ere made on the Mesa Verde 
^ Guy R. Stewart, Scientific Monthly, 51 : 
201-220 and 329-.340, September and OctolKjr, 
1940. 

2 Guy R. Stewart, Soil Conf^ervaiion, 5; 112- 
116, 1939. 


Plateau. The flood water ditch mapped 
previously was traced for approximately 
three fourths of a mile above Mummy 
Lake, showing that this drainage W'ay 
would iiave intercepted an appreciable 
portion of the runoff from the upper part 
of Chapin Mesa. It is possible that a 
branch of the ditch may have extended 
to the east, which would have picked up 
an intermittent stream flow" from the 
west branch of Soda ('anyon. Norden- 
skioUP reported indications of such a 



FIG. 1. MAP OF PUEBLO PLATEAU 

PCEMLO CCLTPRK AREAS: I RIO ORANDE; II — 

KAN JUAN; 111 — LITTLE COLORADO; IV — QILA ; V — 
MIMBRKS CIIIHUAIIUA. AFTER MAP BY SCHOOL 
OF AMERICAN RE8EAR(’H. 

3G. E. A. Nordennkiold, “The Cliff Dwollers 
of the Mena Verde, Southwestern Colorado, 
Their Pottery and Implements. ’ * 
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.sui)])ly fmler in his memoir deseribinjr 
eonditions at Mesa Verde in 1889. John 
Wetherill/ in a dismission of evidences of 
early a^ri(*ultiire at Mesa Verde, has 
stated that he remembered seeinjr si^ns 
of such a ditch in his first visits to the 
])lateaii. This brancJi supply ditch could 
Jiot be traced duriiifr the work in 1940. 

Further soil iirofile studies alonj? the 
flood- water ditch were made by II. K. 



Kid. 2. UXVVTION MAP 

OK OLO INOIAN DAMS IN TUK MESA VKKDE NATIONAL 
I’AIIK, ( OLOKADO. 


Woodward and the writers. These 
.showed an adeipiate depth of loam or silt 
loam soil deposited in the ditch amount- 
in«r to two feet or more at most points, 
so that crops of corn or b(*ans could have 
been raised in the jrreater part of the 
broad waterway itself in the same man- 
ner that the present-day Hopis and 
Znnis plant the flood-water stream beds. 
In addition, a {rently sloping area of 
•♦Jobn Wctiierill, jx^rHonnl commuiiicatioii, 


several acres, just below the Far View 
group of ruins, still showed evidence of 
fleld cheeks made with small boulders, 
indicating that the water running down 
to the ditch was intercepted in places to 
supply fields along the way. Where the 
flood ditch first crossed the modern high- 
way, there is the beginning of a series of 
fields, with a gentle slope* of li to 4 per 
cent., whi<‘h have a relatively deep snr- 
fa<*e soil, thoroughly adecjuate for crop 
production if run-off were arrested and 
the rainfall supplemented by water from 
the uplands. The location of probable 
corn fields can be recognized at intervals, 
along the ditch, by noting the areas 
where water could be impounded with 
earth spreaders and simple field checks. 

Local observers with whom the writers 
have discussed the value and importance 
of a supply dit(*h for flood water under 
the conditions found at Mesa Verde, have 
pointed out that the rainfall is probably 
only moilerately higher in the uplands 
than it is along the lower part of Chapin 
Mesa. In answer to this it should be 
noted that the average rainfall of ap- 
)>roximately 21 inches is well below the 
figure for rainfall in the corn-producing 
portions of the United States, amounting 
to about 35 inches for a sure crop. 
Though the strains of corn used by the 
Pueblo people wen* undoubtedly hardy 
and relatively drought-resistant, it ap- 
pears likely that the 21-inch rainfall of 
Mesa Verde is lower than would be 
needed to jiroduce maximum cro]>s, even 
with sjiecialized dry land types. With 
the lower rainfall of 7 to 8 inches occur- 
ring in much of the Hopi and Zuni 
country it is certain that appreciable 
amounts of supplementary moist uri* 
would be required. Even a slightly 
higher rainfall on the uplands at Mesa 
Verde would have supplied run-off whi(*h 
might have brought up the moisture on 
the lowland fields, when conducted there 
by the flood- water ditch, so that crop 
production would have been more eer- 
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MAN(X)S KIVER VALLEY IN (X)LORADO 

THIS WAS THK ancient TlIOROUOHrARK INTO THE MESA VKRDK PLATEAU* VIEW UPSTREAM AT THE 

SOUTH END OF ('HAPIN MESA. 



GROUP OF WIDE CHECK DAMS NEAR LONG HOUSE, WETHERILL MESA 

FURNISHING VILLAGE GARDEN PLOTS ON THE MESA VERDE PLATEAU. 
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tain. The assurance of a bumper crop, 
even on corn belt standards of water re- 
quirement, would be reached in most 
years at Mesa Verde if the run-off water 
from an area of surrounding land ecpial 
to one half the size of the corn field were 
brought onto the flood-water planting, 
provided all rainfall falling directly on 
the field itself was arrested and held in 
pla(^e for crop use. In a land where 
water economy is of paramount impor- 
tance, any cliance for an additional 
water supply would justify the labor and 
effort for supplementary supply feeders, 
such as the flood-water ditch. 


would have formed only small cultivated 
areas about 10 feet by 12 feet in size. 
All the checks at the Wetherill Mesa sites 
were unusually wide, ranging from 30 
feet to 50 feet across and apparently 
formed level plots 20 to 50 feet between 
the checks, before the centers were 
washed out. An accompanying photo- 
graph shows one of the longer checks 
laid down on a flat platform of rock, 
with a second check largely washed out 
and a series of further checks behind, 
which were still partly effective. 

The major part of the Mesa Verde 
check dams were laid down directly on 




NAVAJO MOUNTAIN— A GREAT HOUNDED DOME OF HANDHTONK 


Studies were next made of two small 
groups of check dams on the upper part 
of Chapin Mesa, where the checks were 
in most cases about 20 feet long, with one 
check of 45 feet. These checks are 
locat(*d on a canyon of moderate slo])e 
and originally would have furnished 
small, level garden plots which could 
have been used by occupants of the Par 
View group of dwellings. 

Following this a series of check dam 
sites on Wickiup Canyon and at three 
locations on Wetherill Mesa near Kodak 
House, Long House and below Jug 
House were examined. The checks on 
the upper part of Wickiup Canyon would 
have formed long level plots, while those 
lower down, being on a steep slope. 


solid sandstone. It is impossible to tell 
at this day whether the soil which was 
held by the checks was filled in by hand 
, or whether the checks were built up by 
the gradual accumulation of soil sus- 
pended in flood run-off. Profile exami- 
nations showed that the checks contained 
originally about three feet of excellent 
surface soil. When abandonment took 
place and no repairs w^ere made after 
freshet flow's came down the water 
cqi^rses, it was inevitable that the centers 
of the dams w'ould give way. 

Preliminary examinations were next 
carried out of the evidences of primitive 
agriculture on Parke Mesa, which lies to 
the east beyond Spruc^e ("anyon at Mesa 
Vt'rde. Water detention checks W'ere 
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WKIil^PBKSKKVEI) CEREMOxNIAL KTVA 

LOCATRD ABOVE RAINBOW LOIKIR ON NAVAJO MOL’NTAIN. 


found around the principal ruins and a tions of Morefield, White and Waters 
lar{?e jj^roup of cheek dam jyardens were (canyons, further east, without finding 
discovered on an east branch of Soda definite evidence of conservation works. 
Canyon, In the fall of 1989, check <lam Numerous ruins are located in all three 

areas had been found previously in tribu- sections visited, but the major part of 

taries of Little Moccasin Canyon. these sites are dated by pottery shards 

A survey was made of the upper por- as having been occupied in the period of 



SMALL GARDEN PLOT 

AT THE BASE OF NAVAJO MOUNTAIN, ABOVE RAINBOW LODOR. 
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BOITI^DKR TKBBACJKS AOROSH A FTKI.D 
NEAR RED HOUSE RUIN, NAVAJO MOUNTAIN. 


Pueblo II and earlier. The principal 
mins on Parke Mesa, Chapin Mesa, 
Wickiup Canyon and Wotherill Mesa are 
believed to have been used throu}?h 
earlier periods into Pueblo III. This is 
the closinf^ stage of the history of Pueblo 
life at Mesa Verde. The work of Doug- 
lass*"’ and his associates had indicated 
that the final abandonment of Mesa 
Verde about 11300 a.d. came after a long 
drought. Should further work show that 
conservation structures arc found associ- 
ated largely with Pueblo III ruins on the 
plateau, it may indicate that the inhabi- 
tants turned to methods of soil and Avater 
saving late in the period of occupancy of 
this area. Was it a discovery brought in 
from elsewhere in the Southwest or did 
some inventive leader devise the check 
dams and flood water ditch system from 
observation of the flow of w^ater and 
washing of soil on the local fields? The 
only hope of an answer will be to carry 
out further comparative studies of the 
types of check dam and ditch constriu?- 
tion in other parts of the Pueblo country 
before an attempt is made to establish 
A. K. DouglasR, A^af. Gtopraphic Mag., 6: 
737 '- 770 , 1929 . 


forms of related use and construction. 
Owing to the extent of the Mesa Verde 
Plateau there are still portions which 
should be visited and signs of agricul- 
tural use examined before tentative 
answers are proposed to these tantalizing 
questions. 

Navajo Mountain Area 
The country surrounding Navajo 
Mountain, which lies just above the ex- 
treme northern border of Arizona, was a 
notable center of early Pueblo life. The 
mountain itself is a great rounded dome 
of sandstone, the top of which is of Cre- 
taceous and the slopes probably of Juras- 
sic age. One of the larger sites lying 
near the southeastern side of the moun- 
tain is Red House Ruin, so called be(*ause 
it was constructed of red sandstone 
country rock. Two types of conservation 
striwdures were found adjacent to this 
ruin. The first of these were stream 
checks which were roughly made of local 
rock from the stream channels. Al- 
though the main part of these rocks are 
still in plaice, the garden plots were on a 
slight slope of li to 3 per cent, grade, 
and the surface soil has been almost com- 
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pletely removed, leavinji: an <Tosion pave- 
ment of variable sized roeky fragments. 

A second tyi)e of water retention de- 
vice was installed across the fields below 
and to the west of the ruin. This con- 
sisted of a type of simple boulder field 
terrace, designed to stabilize notably 
larger areas than the stream checks. 
These terraces were installed on slopes of 
4 to 6 per cent, and produced a slightly 
sloping terraced area from which most 
of the soil has now def)arted. Gordon B. 
Page visited the ruin in a period of incle- 
ment weather and mapped some 23 field 
terraces adjacent to lied House Iluin. 
In addition, the writers found several 
groups of stream and field checks farther 
to the west. The first of these were 
stream checks installed in a small wash 
close to the ruin where the garden plots 
had lost all surface soil. 

The next large wash to the west had 
been so heavily eroded by torrential run- 
otf that stream (diecks were no longer 
recognizable. However, the four small 
draws beyond, (*ontinuing towards the 


west, were found to have groups of 10 to 
12 checks in each in varying states of 
f)reservation. The original service of 
these conservation measures was the pro- 
tection of an area that apparently in- 
cluded most of the village corn lands. 
The major j)art of the soils of the area 
appear to have been loose, open, sandy 
loams, wdiich offered little resistance to 
erosion unless protected by vegetation. 
In recent times the entire site and its sur- 
roundings have been heavily grazed by 
bands of Navajo sheep so that grass and 
palatable herbage have been almost com- 
pletely consumed, with resultant heavy 
washing of the surface soil after every 
rain. 

At the base of Navajo Mountain, above 
Rainbow Lodge, several small garden 
plots were found Jiear a well-preserved 
ceremonial kiva and primitive rock shel- 
ters. Here the garden plots were more 
n(»arly level and the surface soil had only 
been partly lost. An excellent instance 
of field scale cheeks was found across the 
laud lyijig further down the mountain, 



ROCK 8HKLTER, ABOVE RAINBOW LODGE, NAVAJO MOUNTAIN 
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approximately a half mile below Rain- 
bovr Lodge. Both stream and field 
cheeks were placed on land with about 
a 6 per c*eiit. slope from which most of 
the surface soil has now been lost. Two 
field shelters, or food storage ruins, were 
found close to the former corn fields, 
testifying to the? regular use made of 
these areas. Approximately two miles 
from these fields, along the canyon to 
the west, lies the Tohalena Gardens, for- 
merly used by uie Pueblos and now 
partly cultivated by present-day Nava- 
jos. This consists of a group of gardens, 
stabilized by boulder cheeks, where exeel- 


Grand Canyon, North Rim 
The North Rim of the Grand Canyon, 
especially on the Walhalla Plateau, was 
a thickly settled center of early Pueblo 
ruins of the small village type. Louis 
Hehellbaeh, assistant park naturalist, 
aided the writers with information and 
also made Edward HalPs Archaeological 
Survey of the Walhalla area available to 
us.‘‘ The Walhalla Plateau consists of a 
rolling upland lying adjacent to the 
Grand Canyon gorge at elevations of 
8,000 to 8,400 feet. The topography con- 
sists of a series of gently sloping ridges 
rising 200 to 400 feet above the inter- 



LOWER PART OF A GROUP OP STREAM CHECK DAM GARDENS 
ON THE NORTH RIM OF THE GRAND CANYON. 


lent surface soil remains. The land is 
watered by a permanent spring and is 
similar to the smaller groups of Hopi 
terrace gardens. 

The time of occupancy of the Navajo 
Mountain ruins appears to have been 
largely during Pueblo HI, tree-ring 
analysis having dated timbers from the 
Red House Ruin at a.d. 1143. Pottery 
shards were collected near Red House 
Ruin, as well as from the rnins adjacent 
to Rainbow Lodge and were likewise 
classified by Dr. H. S. Colton as being 
of the Pueblo III period. 


veiling valleys. The tops of many of the 
ridges are broad and relatively flat so 
that slightly sloping land occurs along 
the crests of the hills. At the present 
time the uplands are covered with an 
open stand of ponderosa pine, which ex- 
tends across part of the valleys, inter- 
mingled with groves of aspen. The 
early Pueblo settlements were nearly all 
located along the sides or crests of the 
hills so that the vilages would have com- 
^ Edward Hall, ^'An Archaeological Survey 
of the Walhalla Gladen, Grand Canyon, Ari- 
zona.’^ Masters^ Thesis, University of Ari- 
zona, Tucson, Arizona, 1938, Manuscript. 
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nianded a view from one to another had 
the tree {rrowth been thinner than at 
presen t* as was likely the east* where 
ajfrieiilture was praetieed aetively. 

A few boulder eheeks extend iiifr from 
50 to 120 feet in length were found near 
many of the villages. Even three sueh 
cheeks would have helped to retain 
enough of the 27-inch rainfall, supple- 
iiKUited with run-off from adjacent land, 
for a village garden of I to 1 acre. Two 
long grou[)s of stream check dams of 14 
to 16 in number were found, one badly 
washed out and the other clearly recog- 
nizable, eve»i though all surface soil had 
been lost from the slightly sloping checks 
laid down on a gradient of 8 to 10 per 
cent. 

The largest agricultural site discov- 
ered in this section was on the side of a 
broad ridge of Hi j)er (HUit. grade, near 
rtiins 397 and 398 of Hall’s survey, and 
coven^d an area of approximately 6 
acres. The laiid was protected by long 
terraces of large, flat rocks at the bottom 
of the field extending some 800 feet in 
length. Further up the slope the ma- 
terial available was smaller and the 
boulder terraces were made up of a broad 
band of a number of rows of rock. 

At the present day, with the moderate 
stand of Ponderosa june there is a pro- 
tective cover of about 2 inches of pine 
needles over most of the ground. This 
should give adecpiate ])rotection against 
washing by rains. Profile studies showed 
the greater part of the surfa<‘e soil had 
been removed with the formation of an 
erosion pavement. This suggests that 
there may hav(* been a considerable 
period when the fields were exposed to 
surface washing after Pueblo occupation 
ended. Pottery shards examined by Dr. 
(’olton appear to show the time of use of 
these sites extended from late Pueblo II, 
through Pueblo III. 

The high elevation of the Walhalla 
Plateau, in excess of 8,000 feet, must 
have made it difficult to mature a corn 



8WAMP POINT VILLA(JK HITK 
WITH A SMALL Rl’IN IN THK FOREGROUND. 



PONDEKOSA PINE 

COMPLETELY FILLING A SMALL SHELTER AT THE 
SWAMP POINT VILLAGE SITE. 
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crop every season because of a relatively 
short frost-free period. Possibly the 
comparatively abundant rainfall may 
have compensated for this difficulty and 
continuous planting of early maturinjj: 
ears of corn may i) 08 sibly have developed 
a strain with a short jjfrowing period. 

The winters on the North Rim are 
notably more severe than on the south 
si(fe of the canyon, so it would not be 
surprising if the early residents had 
moved down into the canyon during the 
most rigorous weather of midwinter, 
though a .shifting existence has not usu- 


extending 10 to 12 miles across, from the 
north to the south rim, and reaching 
down over a mile to the actual stream 
bed. The first white visitors wiio reached 
the canyon on the south side had no such 
background of information. In the fall 
of the year 1540 Garcia Lopez de Car- 
denas and 12 soldiers of (Coronado ^s ex- 
pedition made the trip of 120 miles from 
Awatobi in the Hopi villages, with a 
party of Indian guides. Students of 
Grand Canyon history believe the Span- 
iarils and their Ilopi companions reached 
a point along the south rim where the 





PKINCIPAL PORTION OF WUPATKl RUIN 


ally been asscRuated with the settled 
Pueblo villages. 

The portions of the Grand Canyon 
near at hand embrace some of the most 
striking scenery on the North Rim, rang- 
ing from Point Imperial up to Cape 
Royale with villages in sight of the great 
gorge nearly all the way. Probably the 
depth and st(‘epness of the canyon were 
more valued for the protection afforded 
from enemies than for the scenic beauty 
which charms the modern visitor. 

Most persons coming to the Grand 
x^yon at the present day have heard 
\reports of the vast size of the chasm 


canyon is as deep as it is opposite the 
Walhalla Plateau. Castaneda^ in his ac- 
count of the Coronado expedition tells 
how Cardenas and his men came to the 
river, where they spent tliree days look- 
ing over the country and hunting for a 
passage down to the stream. None of 
the Spaniards at first beJieve<l the In- 
dians when they told the Spaniards the 
size of the gorge or that the lower river 
bed was half a league wide. Finally 
7 P. W. Hodge, * * The Narrative of the Expe- 
dition of Coronado hy Pedro de (/aataneda. ” 
In “Hpanish Explorers in the Houthern United 
States, 1528-1543, pp. 275-387. New York, 
1907. 



PUEBLO SOIL AND WATER ECONOMY 


41 



HTL].S11)K GARDEN PLOT 

NEAR \VI PATKI RUIN, LYING ON A FIVE PER CENT. SIA)PE. 



BOULDER CHE(^KS FOR WIND EROSION CONTROL 

RUNNING DOWN THE SLOPE NEAR THE WUPATKI NATIONAL MONITMENT. 
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VIKW OF CITADRL TtUTN, WUPATKT NATIONAL MONUMENT 

SHOWINO THREE ROrOIl TERRA('KS BKIX)W THE RUIN. 


three of the most active Spaniards 
climbed down about a third of the dis- 
tance from the upper rim and then had 
difficulty in soalinj? the cliffs aj^ain. 
When they returned they informc<l (Car- 
denas that the rocks down below them 
which looked cjuite small were in reality 
bi^jrer than tlie {zreat tower of Seville. 

Further studies of ruins in the western 
part of the Walhalla Plateau showed that 
one ruin. Grand Canyon Number 383, 
located on the top of a relatively level 
ridjre, was surrounded by some 24 {?ar- 
den plots scattered at random over the 
area adjacent to the ruin. These plots 
varied in size from 10 feet by 12 feet up 
to 75 feet by 15 feet. The material used 
to form the borders of these plots was 
relatively small rock, which was ])roba- 
bly reinforced by brush and soil to retain 
the rainfall and impound any run-off 
which cam(‘ down the j?entle slope. 

Preliminary examination of ruins near 
Swamp Point, towards the Powell Pla- 
teau, lyinj? over 40 miles from the Wal- 
halla sites, revealed a series of long 
boulder checks near a small village site 
and showed the wide distribution of con- 
servation work on the North Rim. 


San P^KANCisro Mountain District 

The country in the San Francisco 
Mountains, surrounding Sunset Crater 
and other reciuit cinder cones, was com- 
])aratively thinly settled with scattered 
small Pueblo communities prior to the 
cinder and ash eruptions which have 
been dated by Colton'* as having occurred 
about 885 a.d. Surveys made by the 
Museum of Northern Arizona” showed a 
rapid increase in (*arly settlement in the 
period from 900 to 1000 a.d., with the 
maximum number of primitive sites 
occui)ied in the period from 1100 to 1200 
A.D. (yolton has suggested that the pres- 
ence of the volcanic ash was highly bene- 
ficial to the agricultural use of the land 
and made it possible to cultivate corn on 
many fields, formerly unproductive. 
The recent work of Duley'” upon the in- 
filtration jpf w^ater into soils under vege- 
tative mulches has shown that one great 
value of such mulches is that they pre- 

8 H. 8. Colton, Geo. Krvirw, 22: 582-590, 1932. 

» Harold 8. Colton, Bull. 104, pp. 1-68, 1932. 
Smithsoninii Institution, Bureau of American 
Ethnology. 

F. L. Duley, Proceedingn^ Soil Science Soci- 
ety of America, pp. 60-64, 1939. 
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rilAVKZ PASS SITE 

SHOWING I4AIIOE TERRACE WITH PRIMITIVE RESERVOIR TO COLLECT SURFACE RUN OFF. 


vent puddlini^ and sealinj? of th(» surface 
soil, a process which ociuirs when rain- 
drops fall directly upon bare soil con- 
taininjr fine yiarticles. Under a vegeta- 
tive mulch the passage of water into the 
soil continues at a steady rate so that 
run-otf and soil washing are both re- 
duced. Infiltration effects similar to 
those obtained from vegetative mulches 
may be obtained from mineral mulches 
if they do not break down with raindrop 
impact into a fine suspension. Many 
kinds of volcanic ash are lacking in par- 
ticles of colloidal size*, hence a surficial 
deposit of such vobuniic ash would insure 
good infiltration of preci))itation. (^ol- 
tou’s hypothesis receives support from 
this fact of the effect of volcanic ash on 
infiltration of precipitated moisture. 

Preliminary studies of evidences of 
early agriculture in this section were 
made by the writers, especially around 
th(‘ ruins north of the San Francisco 
Peaks included in the Wupatki National 
Monument. Several groups of village 
garden plots are located adjacent to the 
principal ruins. Three of the best- 
formed terrace gardens are on the north 


side of the Citadel Ruin. The upper plot 
was 74 by 39 feet with about a 3^ per 
cent, slope, the middle 3 *^ by 303 feet 
with a 5i per cent. grad(‘, and the lowest 
plot was 84 by 6 feet, lying approxi- 
mately level. Dr. Colton informed one 
of us that profile ex<.*avatious were made 
in the.se terraces at the time of the recon- 
stiTH'tion of the Citadel Ruin ami showed 
the sloping terraces were fornusl by fill- 
ing in with village refuse. This could 
indicGite these plots W(*re highly produc- 
tive garden areas when they were in use, 
though the upper surface soil has been 
removed by run-off since the period of 
occupation ended about 1200 a.I). 

A set of very sim})le sloping terraces 
lie on tin* hillside to the southeast of the 
principal portion of Wupatki Ruin. 
Here a .scries of six plots with a slope of 
3 to 4 per cent, have been made by dig- 
ging into the hill behind, the size of the 
individual garden pl(ds ranging from 18 
feet by 19 feet up to 24 by 18 feet. At 
the present day a rocky erosion pave- 
ment covers the plots, through the wash- 
ing away of surface soil on the exposed 
slope. 
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CHAVKZ PA88 SITE IN ARIZONA 


An intorestinj^ {?ronp of fields were 
examined in company with David J. 
Jones, custodian of the Wupatki Na- 
tional Monument. These fields lie some 
2 miles from the main Wupatki ruin. 
The area consists of a series of slopinj? 
tracts of land with a gradient of 5 to 6 
per cent, towards the south and south- 
west. The entire site was covered with 
coarse black cinders of variable depth, 
in most places approximately over six 
inches of deposit. Several series of 
boulder checks were found on the ex- 


posed parts of the tract running up and 
down the slope, the checks being spaced 
approximately six feet apart. These 
checks would have given protection from 
the prevailing east and west winds and 
were probably reinforced with brush in 
the same manner that the Hopis reduce 
wind damage at the present day. 

The Chavez Pass site is a large double 
ruin, lying some 50 miles southeast of 
Sunset Crater and was outside of the 
area of the cinder and ash eruptions that 
came from this cone. The inhabitants, 
however, are generally considered to 
have belonged to the same Pueblo cul- 
ture gi’oup as those settling in the San 
Francisco Mountain di.strict. The vil- 
lage was placed at the point of a steep 
hill with sloping land on three sides. 
Pig. 3 shows a sketch map of the site, as 
\vell as the probable agricultural use 
made of the adjacent land during the 
period of occupancy extending from 
Pueblo III into Pueblo IV. 

The areas labeled “ Terraces were the 
plots adjacent to the* ruins which would 
have made excellent gardens during the 
time the village was in use. All this land 
would receive some additional water 
from local nm-oif. The possible reser- 
voir for collecting surface water is an 
interesting feature of this ruin and con- 
sisted of a circular excavation 150 feet 
in circumference and some 6 to 8 feet 
deep at the center. Colton" and others 
are of the opinion that the use of local 
water sources such as this may have been 
one of the principal reasons for the 
abandonment of many early Pueblo 
centers. The agricultural land in the 
terrace })lots in most teases had a slope of 
1 i to 3 per cent, and the surface soil has 
suffered appreciable loss. The large ter- 
race surrounding the reservoir is nearly 
level and more of the surface horizon has 
been retained than on the balance of the 
land. 

{To he concluded) 

11 K. S. Colton, Science, 84: 2181, 337-343,. 
1936. 



THE OLDER DRIFT OF WISCONSIN 

By C. G. STRATTON 

IIRAD, DEPARTMENT OP OEOIXKIY AND GEOGRAPHY, STA'FE TEACHERS COLLEGE, RIVER PALLS, WIS. 


Reaciiino from the western border of 
Wisconsin in Pierce and St. Croix coun- 
ties eastward to the neig:hborhood of 
Merrill, Wausau and Wisconsin Rapids 
is the rejrion of Older Drift. The last — 
Wisconsin — glacial invasion did not 
reach it excei)t to send fingers of out- 
wash along some of the southward flow- 
ing streams. On the north, the region 
is bounded by the great Kettle Moraine 
of the Wisconsin glacier and its asso- 
ciated outwash. To the south and east 
is the Driftless Area. The boundary 
separating the Older Drift region from 
the Driftlcss Area is rather ill-defined 
<lue to the absence of any well-marked, 
continuous terminal moraine such as 
marks the terminus of the Wisconsin gla- 
dder. Hummocky recessional moraines 
are, however, not uncommon in the 
region of Older Drift. The topography 
of the region is varied, as is well illus- 
trated by the soil map. The region in- 
cludes parts of the Western Upland, the 
Central Plain and the Northern High- 
land. The characteristic rocks and pre- 
glacial topography of each area strongly 
affect the soils and surface features of 
the corresponding parts of the Older 
Drift region. The observations here rc- 
<*orded were made mostly on the Western 
Upland in Pierce and St. Croix counties. 

The Loess 

Where not removed or buried by 
stream action, a deposit of buff-colored 
loess covers a part of the older drift. 
It is thickest near the bluffs overlooking 
the Mississippi, where it may be fifteen 
or twenty feet in depth, gradually thin- 
ning out to the north and east. It covers 
the southern half of Pierce County and 
the western part of Pepin County. It 


sends a finger north along the west side 
of Dunn County just to the east of 
the limestone escarpment marking the 
border of the Western Upland. This 
fine-grained, even-textured material is 
generally supimsed to have been wind- 
deposited. It is the same as the loess 
of the Driftless Area and was apparently 
laid down during the same period. Its 
source may have been the outwash along 
the Mississippi. At any rate, its pres- 
ence suggests a time when wind work 
was very active. Since the loess overlies 
the older drift and is absent on the 
younger drift, it was probably deposited 
during tlie period of the Wisconsin in- 
vasion or the preceding Peorian inter- 
glacial period, possibly during both 
[jcriods. It is interesting to speculate 
on the conditions prevailing over that 
portion of the area not covered with 
loess. 

Wind-Polished Boulders 
A partial answer to the question just 
suggested is found in the character of 
the glacial boulders. Those at the sur- 
face, ill the region of Older Drift, show 
the unmistakable evidence of profound 
scouring by wind-driven sand and dust. 
Quartzites and resistant sandstones are 
polished and fluted (Fig. 1, left). Igne- 
ous rocks of uneven resistance are pitted. 
Amygdaloids are found with the harder 
nodules projecting and with trails of the 
softer rock extending to the leeward 
side, protected by the more resistant 
nodules. Even-textured rocks as basalts 
and some quartzites have the typical 
“Dreikanter’’ shape (Fig. 1, middle and 
right). Pebbles of this type are espe- 
cially abundant and may be found by 
hundreds in an hour’s time. If at the 
surface, even large boulders weighing a 
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FIG. 1. WIND ETCHING 

Left: ON PEBBLKS OF SANDSTONE AND QUARTZITE. Middle: ON IGNEOUS ROCKS; (a) FINE-GRAINED 
GRANITE; (B) BASALT. Right: ON BASALT PEBBLES. 


ton or more each often show a dreikanter 
shape. Perhaps half of the boulders in 
an averagfe farm stone pile show evidence 
of wind abrasion. 

None of these wind-etched pebbles and 
boulders were observed on the surface 
of the yonnjrer drift and only at or near 
the surface of the older drift. However, 
a number of lar^re boulders which were 
uncovered in a jrravel pit near St. Croix 
Falls, Wisconsin, were seen to be thor- 
oujj:hly etched. This is a rcfrioii covered 
with Wisconsin drift. Surface pebbles 
in the same locality showed no sijrns of 
etching:. This sufrgests that the etching: 
was accomplished in this case before the 
final advance of the g:lacier which cov- 
ered them with red outwash, the source 
of the grravel. Etching: is little in evi- 
dence on the level lowlands of earlier 
outwash in Pierce and St. Croix coun- 
ties since these are grenerally well cov- 
ered by a dark prairie soil, possibly 
larg:ely derived from the same wind- 
driven dust as the buff covered loess to 
the south. But wherever an outlier or a 
glacially deposited hummock projects 
above the later deposits, there the peb- 
bles and bonlder.s are consistently etidied 
ami polished. Etched pebbles are abun- 
dant also along the older terraces of the 
Kinnickinnic, Rush and Eau Galle riv- 
ers, streams which rise within the region 
of Older Drift. No field work was done 
along streams such as the Chippewa and 
the Black, the headwaters of which are 
in the younger drift to the north. 

The question arises as to whether the 


drift beneath the loess also shows the 
effects of wind abrasion. Examination 
of the few available exposures along 
roads and gullies which are cut through 
the loess discloses a considerable number 
of pebbles which are apparently wind- 
polished, but the more eonclusive drei- 
kanter type, showing prolonged wind 
work, is not in evidence. Further search 
and more favorable exposures are needed 
before this point can be settled. 

Agates 

The Older Drift region in Wisconsin, 
although not covered by the Wisconsin 
glacier, was invaded at least twice and 
perhaps three times by earlier ice sheets. 
When geologists describe the deposits of 
the Wisconsin invasion tliey speak of the 
‘‘Ued^^ drift, deposited by ice crossing 
the iron measures and therefore contain- 
ing much reddish material, and the 
‘Hlray^^ drift which came with the 
Keewatin ice and so missed the iron-bear- 
ing formations. The older drift is also 
red or gray and probably for similar 
reasons. 

In the red drift of both the older and 
the younger ice sheets are great numbers 
of agates, generally known as ^‘Lake 
Superior^' agates. Locally, they are 
called ^‘ Carnelians,’’ since most of them 
contain red chard or camel ian. Red 
gravels contain innumerable fragments 
of them. Occasionally they are found 
up to four or five inches in diameter. 
Some are of remarkable beauty and 
when free from cracks make excellent 
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material for the lapidary (Pijf. 2, top, in^ inward. Rarely the crystals are 

left). They are found in a fi:reat variety amethyst. Not uncommonly the nodule 

of patterns. Colors are mostly white, consists of alternate bands of chalcedony 

pink and red. Examination of many and crystal quartz, lii this case often 

specimens can not but arouse curiosity one can make out the layers of inward 

as to their orij^in, a point upon which pointiuf^ crystals and the next inner lay- 

mineralof^ists seem unable to aj?ree.' crs of chalcedony laid dowji over the 

Most do agree that the agates were de- rough points of the ery,stals (Fig. 2, top, 

posited in rock cavities. It is not clear, nV/Zif). Additional layers of agate 

however, whether they came from silica smooth out because the deposit is thicker 

gel (a colloidal solution) or from a pure in the depressions and thinner on the 

solution in waters carrying alkali salts, points. This indicates that the crystals 

Neither is it clear as to how the materials were formed before the next inner band 

reached the cavities, whether through of agate and (perhaps) constitutes an 

feeding tubes or, through pressure, be- argument against the current theory that 

tween the microscopic crystals said to the entire agate was formed from a mass 

make up the chalcedony. Nearly all of silica gel. It would seem that in order 

agree that they grew or developed from to lay down these alternate bands of 

the outside toward the center. agate and crystal quartz the solution 

Many of these agates contain geodes in o^ost change, perhaps in the amount or 

the center with the quartz crystals point- nature of impurities present, perhaps 

1 An (ixcelUmt discusHion iiiuv b« found in f^om a pure to a colloidal solution and 

chapters 10 and 11, Quartz Family Minerals, again. Some specimens show a half 
by Dake, Fleoner and Wilson. dozen or more of these alternating lay- 



FTG. 2. EXAMPLES OF AGATES 

Top: left: typical lake sitpebior agates. Right: agates rhowisg alternating bands of 
chalcedony and crystal quartz. Bottom: left: ag.vpes showing thickening or the layers 
IN angles. Middle: cross section showing “fish eye.“ Right: “ tubular “ agates. 
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ers. It is also interesting to note that it adequately. Pish-eye agates if suit- 
in the case of agates the cross-sections of able for cutting are highly prized. The 
which show sharp angles in the layers, presence and position of fish eyes in an 
‘‘Fortification’^ agates, the layers are agate, unless already exposed, can only 
often much thicker in the angles, thus be guessed at. Once in a while, when 
in some cases doing away with angles as agates are saw^ed, a lucky cut will show 
the center is approached and adding a a cross-section of a fish eye (Fig. 2, bat- 
pleasing variety to the pattern of the tom middle). It is then seen that they 
polished specimen (Pig. 2, bottom, left), are not spheres, as one might suppose. 
Pew of these agates show evidence of but hemispheres. They apparently 
“feeding tubes” through which the solu- started as bubbles of silica gel adhering 
tioii may have entered the cavity. Occa- to the inner w^all of the cavity. Subse- 
sionally one is found in which the tubes quent layers of agate conform to their 
or something resembling tubes does exist outlines. 

and seems to have a <listinct relation to In view of the peculiarities described 
the pattern of the bands (Pig. 2, bottom above, it seems reasonable to suppose 
right). Such are known locally as that these agates were not formed by the 
“tubular” agates. hardening and color segregation of a 

The most admired pattern is known as mass of silica gel but as layers by a vary- 
a “Pish Eye,” a name which describes ing solution. Whatever their origin, 



IRON CONCRETIONS 

top: left: with core of fine sand. Might: (a) core of clay has shrunk, leaving cavity; 
(B) WITH CORE OP COARSE SAND. Bottom: left: showing BOa*RYOIDAL SHAPE or SOME IRON 

concretions. Right: (a) and (b) with cores of siltstone; (c) with core of clay. 
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they are an interesting feature of the 
older drift terrain and give much plea- 
sure to the many people who search for 
them. 

Iron CONCRsnoNs 

Fragments of iron concretions are 
common in the older drift. In some 
gravel pits in the western part of the 
older drift sheets, iron concretions are 
so abundant, large and well preserved 
as to attract considerable attention. 
Strangely enough, they are apparently 
more numerous in the gray drift than 
in the red. They are mostly limonite, 
although bands of hematite are some- 
times present. Typically, they appear 
to consist of shells of iron oxide contain- 
ing cores of clay or sand. When dried, 
the material of the inner core may 
shrink, leaving a distinct hollow (Fig. 
3, top right, A). Some are compound 
with several cavities in one specimen. 
When broken these give rise to fantastic 
names such as “Petrified Walnut” and 
even “Petrified Indian’s Heart.” A 
more puzzling type, sometimes quite 
large, has a core of rather hard siltstone 
(Fig. 3, bottom right, A and B). The 
core, whether of sand, clay or siltstone, 
is stained by iron oxide to a buff or, more 
rarely, a reddish color. It seems that 
the concretion grew in a bed of sand or 
of whatever material forms the core. 
The iron oxide was deposited among the 
particles of the original formation, ce- 
menting them together but not neces- 
sarily displacing them. Specimen B, 
Fig. 3, top right, has a core of coarse 
sand. The same kind of sand makes up 
a large percentage of the outer shell. 

What strange whim of nature causes 
the iron oxide to prefer the periphery 
of the concretion to the coreT The ex- 
planation may lie in the work of the 
iron-fixing bacteria. Various species of 
these bacteria have been studied and 
described. Their life processes involve 


the oxidation of soluble iron compounds 
to the insoluble oxide. It is possible to 
imagine a colony of iron-fixing bacteria 
gaining a foothold in a formation sup- 
pljring the solutions necessary for their 
propagation. The colony grows larger 
and throws down the insoluble iron 
oxide. In time this iron oxide most im- 
pede the movement of ground water to 
the disadvantage of those bacteria near 
the center. Those on the outside thrive 
and build a shell of closely cemented 
material. Those on the inside die out 
as their supply of ground water dimin- 
ishes. Theoretically, this process con- 
tinues as long as the solution is favor- 
able or until the whole formation is a 
mass of concretions. The latter theory 
may not be too far-fetched, since many 
iron ores are concretionary in structure. 

The growth of the concretions under 
discussion was evidently interrupted 
while they were still separate. How- 
ever, the fact that some of them are com- 
pound would indicate that several col- 
onies of bacteria occasionally merged 
into one, resulting in several cavities in 
one specimen. The botryoidal appear- 
ance of many iron concretions also sug- 
gests the action of colonial bacteria (Fig. 
3, bottom left). Similar shapes suggest 
the possibility of bacterial work in the 
formation of “Mammillary” iron ore 
and “Grape Ore.” 

The shape of sand and clay concre- 
tions suggests the possibility of bacterial 
action. Bacteriologists describe sulfur- 
fixing bacteria. They describe the ac- 
tion of bacteria in preserving humus 
and peat. They mention the possibility 
of bacterial influences in the evolution 
of petroleum. It may well be that bac- 
teria play important parts in many other 
geological processes and that here is a 
rich field, almost unexplored, awaiting 
investigation by properly trained sci- 
entists. 



MATHEMATICS AND THE MAXIMUM SCIEN- 
TIFIC EFFORT IN TOTAL WAR 

By Dr. MARSTON MORSE 

THIS INSTITUTS rOR ADVANCED STUDY ; PRESIDENT OF THE AMERICAN MATHEMATICAL SOCIETY 


My subject is of concern not only to 
scientists but also to all those who are in- 
terested in a maximum effort to win the 
war. Every teacher and scientist is in 
fact, if not in law, a member of the great 
army fighting this war. Teachers of 
mathematics are primarily interested in 
the teaching of mathematics, but they are 
also interested in science as a whole, in 
particular in scientific research for mili- 
tary and industrial purposes and in edu- 
cation for the technical services of our 
army and navy. There is also the prob- 
lem of the proper use of scientific men in 
time of war. Finally, they are concerned 
with the broad problem of education for 
freedom and democracy and believe that 
mathematics enters here again in a differ- 
ent but equally important role. 

On March 3 of 1863, at the time of the 
Civil War, Abraham Lincoln approved 
an Act of Congress incorporating the 
National Academy of Sciences. Among 
the first members were the naturalist, 
Louis Agassiz, and the mathematician, 
Benjamin Peirce. High oflBcers of the 
army and navy were included. In the 
words of the Act 

. . . the Academy shall, whenever called upon 
by any department of the Government, in> 
vestigato, examine, experiment, and report upon 
any subject of science or art, the actual ex- 
pense of such investigations, examinations, ex- 
periments, and reports to bo paid from appro- 
priations which may be made for the purpose, 
but the Academy shall receive no compensation 
whatever for any services to the Government 
of the United States. 

Here was the first formal use of scientists 
by the United States Government. 

In 1916 President Wilson established 
the National Research Council to facili- 


tate communication between the govern- 
ment and the National Academy of 
Sciences. The council was still subject 
to the condition of receiving no pay. To 
carry on extensive investigations involv- 
ing laboratory, traveling and secretarial 
expenses, and the expense of assembling 
groups of men in one place, these older 
organizations have required supplemen- 
tation. In June of last year the Office 
of Scientific Research and Development 
was established by executive order. The 
chairman is Dr. Vannevar Bush. There 
are three subcommittees. Besides the 
older National Advisory Committee on 
Aeronautics, there is the National Re- 
search Defense Committee, with Presi- 
dent Conant, of Harvard, as chairman, 
and the Committee on Medical Research, 
with Dr. Newton Richards as chairman. 

The higher officers of these committees 
work without compensation from the 
government. The final research and 
technical development are carried on in 
the form of projects found in various 
universities and industries. Part of the 
expense, usually the salary, is borne by 
the university or industry, and another 
part of the expense, usually the overhead, 
is borne by the goveijiment. Some two 
or three thousand scientists are involved. 
That remarkable work is being done I 
have every reason to believe. 

Mathematicians are being used in this 
research to a small extent but not to the 
extent to which engineers and physicists 
are used. This was inevitable at the be- 
ginning when the need was greatest for 
the rapid attainment of special objec- 
tives. It is clear that the machine nature 
of modem warfare places engineering 
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skill at a premium. But the war is much 
more than a war of machines, it is a war 
of invention, and of a new and more 
mathematical use of machines. In this 
connection I shall quote Dr. Jewett, 
president of the National Academy of 
Sciences and vice-president of the Ameri- 
can Telephone and Telegraph Company. 
“Without insinuating anything as to 
guilt, the chemists declare that this is a 
physicist’s war. With about equal 
justice one might say it is a mathe- 
matician’s war.’’ 

It is clear that we require an all-out 
scientific effort. There are those who 
believe that we should have a military 
institute or institutes devoted to funda- 
mental scientific research without special 
objectives. We already have at Aber- 
deen and Dahlgren and in the OfSce of 
Scientific Besearch and Development in- 
stitutions working on special objectives. 
Those who advocate such new institutes 
feel that work done under pressure is not 
apt to be as profound as work more 
freely undertaken. The history of mili- 
tary invention shows how little one can 
predict the sources of inventions likely 
to be useful in war. My colleague, 
Edward Mead Earle, an authority on 
military history, writes as follows ; 

Practically all basic inventions affecting 
naval, military, and aviation technology have 
been civilian in origin (as witness the rifle with 
interchangeable parts, the submarine, the ma- 
chine gun, the tank, the airplane, poison gas, 
sound detection devices for submarines and 
airplanes, and most of the metallurgical dis- 
coveries which have affected armor and armor- 
piercing devices). The adaptation of many of 
these inventions to purely military purposes has, 
of course, been partly the work of civilians and 
partly the work of uniformed specialists. 

In this connection I wish to describe an 
interesting example of a discovery by 
way of mathematical theory. An indus- 
trial firm was required to make a scien- 
tific instrument necessary for the prose- 
cution of the war. Several models were 
known to the engineers in the blue-print 


stage, but it was not known whether any 
one of the models would be adequate or 
which one was the best. Considerable 
expense was incurred in building these 
models. The test was inconclusive. As 
a last resort a mathematician of note who 
was also an engineer was called in. In 
two weeks this mathematician had de- 
rived a mathematical theory of such 
models that said in effect, ‘‘Such and 
such models and only such models are 
possible, and type X is the best.’* This 
mathematical solution was complete and 
trivial in cost. 

One can not generalize from one ex- 
ample, but it is becoming increasingly 
clear that an all-out effort will not draw 
the line too sharply between pure and 
applied mathematics. Oftentimes the 
difference between pure and applied 
mathematics is merely a matter of termi- 
nology. In papers in pure mathematics 
on the calculus of variations, for ex- 
ample, one can find principles, which ap- 
pear in special cases in engineering books 
in the guise of the Ritz method or the 
method of the physicist, J. J. Thompson. 
Mathematical talent and engineering 
talent are neither interchangeable nor 
mutually inclusive. The only safe way in 
the present emergency is to use both to 
the maximum. In this direction lies the 
greatest strength, both actual and po- 
tential. 

In Washington the Roster of Scien- 
tific and Specialized Personnel has 
registered tens of thousands of our scien- 
tists and technicians. Its ofiScials are 
keenly aware of the importance of the 
proper use of scientific men. The Roster 
acts in an advisory capacity to the Selec- 
tive Service Headquarters, reporting on 
shortages in various fields of intellectual 
work, and on the relative necessity of a 
man in his scientific occupation. It also 
makes recommendations to the Adjutant 
General’s Office as to the use of young 
scientists whose induction has been 
ordered. To formulate policies on the 
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use of scientific and specialized personnel 
a national committee (under the chair- 
manship of Owen D. Young) is now at 
work. 

I shall now turn to education and par- 
ticularly to education in mathematics in 
its relation to the various training pro- 
grams. We have available rather precise 
descriptions of the kind of training 
needed for college men who wish to enter 
the Signal or Air Corps of the Army or 
the Navy. Of these training programs 
that for the Signal Corps is perhaps the 
most technical. Officer material must 
have training practically equivalent to 
that of an electrical engineer. Needless 
to say, training in mathematics is funda- 
mental and must include the calculus. 

I have before me a pamphlet issued on 
March 1 of this year by the Navy and 
concerned with ‘‘Information for Insti- 
tutions of Higher Education as to Class 
V-1 U. S. N.'* The introductory state- 
ment of objective is as follows : 

With a view to further expansion of procure- 
ment and training of prospective naval reserve 
officers, the Secretary of the Navy has approved 
the enlistment in the Naval Reserve of young 
men enrolled in accredited colleges, who, after 
enlistment in the Naval Reserve, may continue 
in college at their own expense, and in addition, 
be given naval training in an inactive naval 
status. 

Under this program college freshmen or 
sophomores who meet the ordinary physi- 
cal and educational requirements may 
enlist in the Naval Reserve and pursue 
the course V-1 for the first two years of 
their college course. I quote : “The pre- 
induction Naval training curricula will 
be prepared by the faculty of any ac- 
credited college which desires to partici- 
pate in this plan and will conform to the 
normal program of that college provided 
it stresses physical training, mathematics 
and the physical sciences.’^ The specific 
skills desired by the Navy are stated to be 
the following: 

(a) Skill in swift, accurate mathematical com- 
putation, and in the solution of problems 


of elementary algebra, plane geometry and 
plane trigonometry; 

(h) Skin in handling problems of general col- 
lege physics; covering mechanics of solids, 
fluids and gases; light; and more fully 
heat, sound and electricity and their appli- 
cations. 

(o) Good health and hard physical condition, 
the ability to swim, and the capacity for 
endurance of physical strain over extended 
periods. . . . 

Students who satisfactorily complete the 
first two years’ program may continue 
their college courses either in V-6 or 
V-7. In V-5, aviation cadet training is 
given and in V~7 the training is for 
midshipmen. 

We turn now to the army aviation 
program with its proposed force of 
2,000,000 men. Every bombing plane 
must contain at least one navigator. The 
problem of navigating a plane among the 
islands of the Pacific is very difficult. 
It is possible to lose as many men by 
faulty navigation as through enemy 
fire. It is clear that we must have tens 
of thousands of navigators. Are our 
students ready for this task? The an- 
swer is not one of credit to secondary 
school administration and policy. I am 
happy to say that the schools of New 
York, however, have performed their 
duty in a way that provokes admiration. 
But the same praise can not be given to 
all sections of the country. Fortunately, 
we have a disinterested appraisal of the 
situation from the pen of no less an 
authority than Admiral Nimitz, our 
Naval Commander in the Pacific. It is 
in the form of a lettfir written to an offi- 
cial of the University of Michigan. The 
letter of inquiry is written to Captain 
Lake of the Bureau of Navigation at the 
time when Admiral Nimitz was still the 
head of this Bureau. The letter follows : 

Captain P. U. Lake 

Head of the Traininq Division, 

Bureau or Navigation, Washington, D. 0. 
Mt dear Captain Lake: 

When Admiral Nimits visited the campus of 
the University of Michigan the other day, he 
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mentioned that there had been lome difficulty 
in finding students in American colleges other 
than engineering who were sufficiently pre- 
pared in mathematics to make thorn available 
for training for commissions in the Navy. This 
situation ought to be called to the attention of 
educators in colleges and secondary schools 
throughout the country. I should deeply ap- 
preciate receiving a statement from you on this 
matter, especially if you could give me such 
facts and figures as would constitute a self- 
evident argument. I hope also that it will not 
be necessary to set any restrictions on the use 
of such information. It seems to me that edu- 
cators should promptly recognize the danger, if 
there is any, from our past softening of our 
educational programs. 

Very truly yours, 

Louis I. Bredvold, 

Member of the University Advisory 
Committee on Military Affaire. 

The answer written by Admiral Nimitz 
follows : 

Mt dear Professor Bredvold: 

Thank you for your letter of October 30. 
While we have not felt that it was our business 
to compile exhaustive data on our observations 
of the products of the educational systems of 
this country, we are in a position to give you 
some information on this subject. 

A carefully prepared selective examination 
was given to 4,200 entering freshmen at 27 of 
the leading universities and colleges of the 
United Btates. Sixty-eight per cent, of the men 
taking this examination were unable to pass 
the arithmetical reasoning test. Sixty-two per 
cent, failed the whole test, which included also 
arithmetical combinations, vocabulary, and 
spatial relations. The majority of failures were 
not merely borderline, but were far below 
passing grade. Of the 4,200 entering freshmen 
who wished to enter the Naval Beserve Officers’ 
Training Corps, only 10 per cent, had already 
taken elementary trigonometry in the high 
schools from which they had graduated. Only 
23 per cent, of the 4,200 had taken more than 
one and a half years of mathematics in high 
school. 

This same lack of fundamental education 
presented and continues to present a major 
obstacle in the selection and training of mid- 
shipmen for commissioning as ensigns, V~7. 
Of 8,000 applicants — all college graduates — 
some 3,000 had to be rejected because they had 
had no mathematics or insufficient mathematics 
at college nor had they ever taken plane trig- 
onometry. Almost 40 per cent, of the college 
graduates applying for commissioning had not 


in the course of their education taken this 
essential mathematics course. 

The experience which the Navy has had in 
attempting to teach navigation in the Naval 
Beserve Officers’ Training Corps Units and in 
the Naval Beserve Midshipmen Training Pro- 
gram (V-7) indicates that 76 per cent, of the 
failures in the study of navigation must be 
attributed to the lack of adequate knowledge of 
mathematics. Since mathematics is also neces- 
sary in fire control and in many other vital 
branches of tho naval officer’s profession, it can 
readily be understood that a candidate for train- 
ing for a commission in the Naval Beserve can 
not be regarded as good material unless he has 
taken sufficient mathematics. 

The Navy depends for its efficiency upon 
trained men. Tho men are trained at schools 
conducted for this purpose and the admission 
of men to these schools is based upon the 
meeting of certain carefully established require- 
ments. Ilowever, in order to enroll the neces- 
sary number of men in the training schools, it 
was found necessary at one of the training sta- 
tions to lower the standards in 60 per cent, of 
tho admissions. This necessity is attributed to 
a deficiency in the early educations of the men 
involved. The requirements had to be lowered 
in the field of arithmetical attainment. Bela- 
tive to the results obtained in the General 
Classification Test, the lowest category of 
achievement was arithmetic. 

A study has been made of the grades re- 
ceived in the examinations of candidates for 
enlistment in the Navy, classified geographically 
according to the locution of the recruiting sta- 
tion through which the candidates applied for 
enlistment. It is to be noted that the pro- 
ficiency in arithmetic in the eastern part of the 
country was strikingly greater than that of 
the middle west and west. The lowest average 
mark east of the Mississippi was equal to the 
highest average mark west of the Mississippi. 
The throe highest average attainments in arith- 
metic wore achieved by the recruiting stations 
in Troy, Brooklyn, and Buffalo — ^all in New 
York State. 

May I express the hope that this informa- 
tion will be of assistance to you. 

Sincerely yours, 

C. W. Nimitz, (Signed) F, U. Lake, 

Chief of Bureau By direction 

The Bureau of Cooperation of the Uni* 
versity of Michigan comments as follows: 

When secondary schools eliminate not only 
trigonometry but also algebra and geometry 
from their programs, and then most of the 
reasoning problems of arithmetic, since pupils 
say they are too difficult, and offer as substi- 
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tutes general mathematics in the ninth grade, 
social mathematics in the tenth grade, and re* 
view of arithmetic in the eleventh or twelfth 
grade as the total mathematical program of the 
school, where along the educational ladder are 
pupils to obtain experience in reasoning and in 
practice in solving progressively more difficult 
mathematical problems? Where in the course 
of the four years are youth to find mathematical 
problems which will extend their intellectual 
horizons and stretch their mental muscles? 

It is clearly not the fault of the teach- 
ers of mathematics that this situation has 
arisen except in so far as they have failed 
to convince school administrators and 
politicians of the importance of their 
subject. Where they have been allowed 
to teach matliematics in sufficient amount 
and where students have been en- 
couraged to study mathematics the re- 
sults in general have been reasonably 
successful. We are concerned here with 
a problem of public and community edu- 
cation to which I shall return later. 

Our mathematical societies have been 
conscious of these problems for some 
time. One of the most effective of the 
subcommittees of the War Preparedness 
Committee of the American Mathemati- 
cal Society and Mathematical Association 
of America is its Subcommittee on Edu- 
cation for Service. In the most recent 
Bulletin of the American Council on 
Education, No. 23, a statement is made 
that analyses should be made from the 
‘draining’' and field “manuals” written 
by the armed forces to determine specific 
course content intended to provide back- 
ground for later vocational training in 
the Army. Our subcommittee initiated 
such an analysis in so far as mathematics 
was concerned over two years ago and 
published its report over a year ago. 
This report has been sent to 5,000 secon- 
dary schools. 

More recently, at the suggestion of 
officials of the Army Air Corps, on the 
nomination of the American Association 
for the Advancement of Science, a com- 
mittee composed of the mathematicians 
Hart and Whybum and the astronomer 


Wylie was appointed by the War Depart- 
ment with the following order: 

To make a survey of the ground school courses 
offered in pilot and non-pilot courses in the 
Air Corps Plying Training System with a view 
to outlining preparatory courses to be offered 
in colleges and universities. 

I quote from the committee's report to 
the War Preparedness Committee; 

The committee carried out its investigations 
at various schools of the Air Corps in Alabama 
and Georgia during a ten-day period in Janu- 
ary, and the confidential report of the com- 
mittee was presented to the Chief of the Air 
Corps. In the report, recommendations were 
made concerning the content of a pre-training 
program for aviation cadets. These recom- 
mendations were accepted in full and are in- 
corporated in the enclosed letter which has just 
been issued by Major General Tount, command- 
ing officer of the Army Air Corps Flying 
Training Command. Copies of his letter will 
be sent to the presidents of all colleges in the 
United States and to various categories of 
administrators in the secondary schools. 

It is logical and commendable that the Air 
Corps should request schools and colleges to 
emphasize the specified pre-training for avia- 
tion cadets, even though various cogent reasons 
make it appear unwise to require all cadets to 
obtain such training. 

I shall quote one paragraph from 
General Tount ’s letter. It is entitled 
“Pre-training through Regular High 
School and College Courses”: 

If time limitations permit, it is recommended 
that a student get his pre-training through 
regular high-school and college courses, includ- 
ing the following: advanced high-school alge- 
bra; at least twenty-five lessons in solid geom- 
etry including the geometry of the sphere ; plane 
and spherical trigonometry; descriptive astron- 
omy; a college course in general physics; a 
course including a substantial amount of cartog- 
raphy. Additional courses in mathematics and 
the physical sciences would be useful for par- 
ticular objectives within the Air Corps. It 
should be noticed that many of the courses in 
the preceding program can be taken in high 
school. 

The letter continues with a detailed ac- 
count of the number of hours recom- 
mended in mathematics, astronomy, 
maps, physics, etc. 

Before I leave this subject of techni- 
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cal training, I shall add one word di- 
rected to the women. There is much 
that can be done to prepare women stu- 
dents to be useful. I do not have time to 
go into this, but I recommend that they 
write to the American Council on Edu- 
cation, 744 Jackson Place, Washington, 
D. C., for its February Bulletin No. 22, 
which gives a “Report of the Committee 
on Women in College and Defense. “ 

Finally, I wish to comment briefly on 
the need for education for freedom and 
democracy, both now and after the war, 
and on the relation of mathematics to 
such education. 

The attention which mathematics is 
now receiving and its great usefulness 
as a technical aid in war works both to 
its advantage and disadvantage. When 
the war is over and guns and bomb sights 
can be forgotten, what will happen to 
mathematics f Men will turn to social 
and humane studies and to the arts and 
philosophy. Unless mathematics is some- 
how associated with the humane studies 
and with philosophy, its greatest values 
will be obscured and forgotten. It will 
be back where it was before this war. 

The answer is simple, but the implica- 
tions of the answer as to courses of action 
are far from simple. Mathematicians 
must make it clear to their students that 
mathematics is an essential factor in 
cultural integration, that its history, to- 
gether with that of science in general, is 
most relevant to the growth of freedom, 
that without an understanding of mathe- 
matics one can not really understand 
philosophy, that mathematics is an art 
as well as a science and that since the 
time of Plato mathematicians have 
valued it as such. They must not leave 
it exclusively to the humanists and phi- 
losophers to integrate the knowledge of 
the day and give it spiritual unity. 


Recently I read a series of addresses 
on “Liberal Education and Democracy “ 
appearing in the Bulletin of the Associ- 
ation of American Colleges.^ The points 
of view presented by some of the speak- 
ers left me apprehensive. The speakers 
were not hostile to mathematics ; mathe- 
matics was even emphasized, but fre- 
quently for erroneous or insuflicient rea- 
sons. One of the contributors writes as 
follows : 

Each of the traditional liberal disciplineB has 
an essential contribution to make to a liberal 
education — pure mathematics with its unparal- 
leled precision; the natural sciences, with their 
amazing technique for objective thinking in the 
world of physical fact; the social studies for 
the understanding they give us of man in so- 
ciety; the arts and literatures for their beauty 
and their moral and religious insights; history 
and philosophy for their cultural integration. 

I quote again “pure mathematics with 
its unparalleled precision. “ Yet who 
wants to be precise except on occasion t 
To give play to the imagination, to create 
and form ideas, to have a mastery of lan- 
guage and logic, to have that freedom 
that comes from recognition of dogma, 
and the open acceptance or rejection of 
an axiom at will, to recognize how much 
one does not know, or can not know; 
these things are all in mathematics. It 
is true that history and philosophy give 
us cultural integration, but only when 
the history includes the history of ideas, 
and when the philosophy comprehends 
the insights of mathematics. Mathema- 
ticians can not expect their colleagues, 
the humanists and philosophers, to be 
broader than they are willing to be. 
They must share the burden of cul- 
tural integration. More Whiteheads and 
Sartons are needed. 

1 Bulletin of Association of American Col- 
leges, Vol. 27, p. 00. 
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I projection of living organisms forward 

Most of us have wished, at one time or “to the future, 
another, that we could return to earth a jj 

generation, a century or a millennium mu ■ . 

after death to see what it is going to be ® internal ap- 

like. Some of us may just want to know P*‘®®“tion of time. We can gauge within 
whom our grandchildren will marry, equal intervals of the experience 

while others are curious about the future duration. Even wleep, our time 

adventures of mankind. sense continues to function. It is pos- 

Many years ago H. G. Wells wrote a ® many persons to waken them- 

delightful story called “The Time Ma- predesignated times to within 

chine, ” in which a man invented a device ^ minutes after a night’s sleep, 
enabling him to travel into the past or However, our private time is not precise 
into the future along the time dimension enough to serve the needs of society, and 
while remaining stationary in space. In man has me^ured time in terms of 
his story Wells has his time traveler say, sharable recurring happenings, such as 
“ There is no difference between time and seasonal changes, lunar cycles and, best 
any of the three dimensions of space, ex- earth’s rotation on its axis 

cept that our consciousness moves along which he has divided into units of equal 
it.” But, as sensible people, we usually length — ^bours, minutes and seconds, 
dismiss as the purest fancy the thought With such a time scale as a standard, he 
that time is something to be tampered constructed mechanical clocks, and 
with. By its very nature it seems to be learned to standardize bis internal time 
the most unyielding aspect of our en- sense with bis widely accepted time con- 
vironment. Events are said to be as sure ventions. 

as ‘ ‘ death and taxes. ’ ’ There is an ob jec- Out public time is thus determined by 

tive, inexorable character to the irrever- relations of changing physical objects, 
sible march of time. “Time,” according H is meaningless except in terms of these 
to Sir James Jeans, “does not cease to relations. If the universe were really to 
unfold itself at a uniform and uncon- run down so that all motion, including 
trollable rate which is the same for each molecular motion, were to stop, time, it 
one of us.” It is just this view of time appears by any nJbaningful definition, 
with which I propose to disagree, despite must also stop, outlandish as this view is. 
that fact that it seems to be an intuitive Since clock time depends on relative 
aspect of experience. I shall try to show motion, let us ask ourselves what is the 
that time is not a mysterious river fiow- source of motion determining our pri- 
ing relentlessly on to eternity, but rather vate or psychophysiological time! We 
a system of relations subject to some judge time with our brain. To keep our 
degree of control. We shall see that brain cells functioning they must con- 
there is nothing about time itself that tinually burn foodstuffs. This burning 
prevents our speeding it up and slowing or oxidation is dependent upon motions 
it down. In fact, experiments have been of molecules, as are all chemical proc- 
done which actually involve the practical esses. A series of experiments has shown 
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that our judgment of time depends on 
the speed of these processes. 

Most chemical processes are known to 
be roughly doubled or trebled in speed 
for a temperature rise of 10 degrees 
Centigrade (18° F).' If private, psy- 
chophysiological time is determined by 
chemical velocities, raising our internal 
body temperatures (as might occur in a 
fever) should speed the reactions, thus 
making more chemical change and hence 
more physiological time pass in a given 
interval of clock time than would nor- 
mally be the case. If, let us say, two 
minutes of private, subjective time were 
thus to pass in one minute of clock time 
we would think that time was dragging ; 
on looking at the clock it would be slower 
than we think it should be. Lowering 
the internal body temperature, on the 
other hand, should have an opposite 
effect, making clock time seem to pass 
faster, since the reduced biochemical 
changes would make less time seem to 
have passed and our public clock would, 
in contrast, appear to run faster. In a 
fever, other things being equal, we 
should come early for our appointments, 
and at subnormal temperatures we 
should come late. 

I outlined these questions about time 
to myself on the first occasion in 1932, 
when my wife fell ill with influenza and 
developed a temperature one afternoon 
of nearly 104° P. She had asked me to 
do an errand at the drug store and, 
although I was gone for only twenty 
minutes, she insisted that I must have 
been away much longer. Since she is a 
patient lady, this immediately set me to 
thinking along the lines just indicated 
and then hurrying to find a stopwatch. 
I then asked my wife to count to sixty 
at a speed she believed to be one per 

' On the Centigrade scale water boils at 100 
degrees and freeses at sero degrees. This is in 
contrast to the Fahrenheit scale on which water 
boils at 212 degrees and freezes at + 32 degrees. 
One degree Fahrenheit is 6/9 degrees Centi- 
grade. Temperatures below the zero points on 
the respeetive scales are referred to as negative 
or minus temperatures. 


second without telling her why. As a 
trained musician she has a good sense 
of short intervals. She repeated this 
count thirty or forty times in the course 
of her illness, her speed of counting was 
measured with the stopwatch, and her 
temperature was recorded each time. 
She unknowingly counted faster at 
higher than at lower temperatures. On 
the strength of this the experiment was 
repeated with several volunteer subjects 
given artificial fever by diathermy. I 
later discovered some data published 
earlier by a French worker, Francois, 
on the frequency of tapping a prescribed 
rhythm at different body temperatures. 
All these data, both those from Paris 
and from my own experiments, showed 
the same result as regards judgment of 
time. What is really significant, the data 
conformed exceedingly well to the mathe- 
matical relationship known as the Ar- 
rhenius equation, which describes the 
rates of chemical change with tempera- 
ture. In fact, one of the specific chemi- 
cal speed-temperature relationships, a 
constant in the equation that had been 
observed in several studies of the burn- 
ing of foodstuffs by living cells, de- 
scribed the speed of counting. These 
results, published in 1933, were consis- 
tent with the view that our sense of 
duration, other things being .equal, acts 
as if it were directly proportional to the 
speed of some internal chemical pace- 
maker. 

At about the same time, and quite in- 
dependently, Dr. Qrabensburger in Aus- 
tria showed that ants and bees taught to 
come for food at a particular time came 
earlier if the temperature in their ex- 
perimental room was raised, and later if 
it was lower than that used for standard 
tests. This behavior is clearly quite in 
keeping with our findings in connection 
with the human time sense. 

It is rather appalling to think of the 
kind of world we might live in if we did 
not possess a beautifully precise appa- 
ratus for keeping our internal body tern- 
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perature constant All animals, other 
than birds and mammals, lack this ther- 
mostat for regulating their internal tem- 
peratures. To such animals a linear 
time scale such as we have adopted as 
our public standard would be meaning- 
less. For a difference of 30° Centigrade 
(54° F) between summer and winter, 
time must pass for the so-called cold- 
blooded ’’ animals* — frogs, reptiles, in- 
sects, etc. — ^roughly ten times as fast in 
winter as it does in summer. What kind 
of public time standard would we have 
devised if we lived in a world with a 
time warp of this order of magnitude! 
If an hour in a warm house corresponded 
to sixty subjective minutes, an hour out- 
of-doors on a winter’s day would seem 
to us six minutes long I Public time- 
keeping without our physiological ther- 
mostats would indeed be a problem. 

With our physiological thermostats 
permitting normal internal temperature 
fluctuations of less than a half-degree 
Fahrenheit around a mean of 98.6° P 
(37.0® C) the steady-state chemical 
events give us a linear, private time 
scale which we can standardize against 
our objective clocks. Biological oxida- 
tions, proceeding at a relatively constant 
speed, furnish us with a basis for our 
uniformly flowing time scale. 

If our time sense depends primarily 
on biological oxidations we might expect 
that a variety of factors other than tem- 
perature would modify it. In recent 
years it has been shown by Sterzinger 
and Buehler that thyroid extract, known 
to speed biological oxidation, effects the 
time sense in the same general direction 
as raising the temperature, t.e., public 
clock time appears to drag in contrast 
to our speeded “chemical clock.” Quin- 
ine, which slows cellular oxidations, has 
the opposite effect. These relations had 
also been established earlier for the time 
^ 8uch animals are, of course, not necessarily 
‘ ' cold-blooded/ ' They are animals that do not 
regulate their internal body temperatures at a 
fixed level. Their blood is at the same tempera- 
ture as their surroundings. 


sense in ants by Grabensburger. In 
acute emotional disturbances it is said 
that time seems to pass very slowly — the 
drowning man sees his life pass in re- 
view. Is this because of accelerated 
oxidations somewhere in the brain! In 
general, however, activity makes time 
appear to pass fast in contrast to the 
boredom of waiting and inactivity. Does 
this mean that there is a part of our 
brain concerned with the estimation of 
time that has its metabolism slowed dur- 
ing the general enhancement of activity 
by other parts of the brain! We simply 
do not know the answers to these ques- 
tions as yet. 

Our views about time are consistent 
with a number of older experiments. 
The concept of physiological time is by 
no means new. Aging is the result of 
a complex series of chemical changes. 
Jacques Loeb and others demonstrated 
long ago that fruit-flies and other so- 
called “cold-blooded” animals live 
longer the lower the temperature at 
which they are kept; du Noiiy has dem- 
onstrated quantitatively that wounds 
heal progressively more slowly the older 
one is. For example, if a child of ten 
years heals over a wound of a given area 
in 20 days, a man of 20 will require 31 
days to heal over a wound of the same 
area ; a man of 30 will require 41 days, a 
man of 50 will require 78 days and a man 
of 60 will require 100 days. 

It is common observation that time 
to the young passes much more slowly 
than it does in old age. A year to a 
man of 50 seems very short compared to 
a year at age 10. It has been established 
that metabolic processes in general be- 
come progressively slower with advanc- 
ing years. This might make time seem 
to pass faster in old age, as indeed it 
does. 

Ill 

I wish now to suggest what may appear 
to be a bizarre proposition. It is that one 
can, for all practical purposes, construct 
a “time machine,” making possible 
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travel for living organisms forward into 
the future, although not backward into 
the past. This proposition is inherent 
in the essential nature of time, as out- 
lined above. 

One aspect of the relations between 
temperature and the speed of chemical 
reactions is that the curves describing 
these relations all take origin from the 
absolute zero of minus 273° C. At this 
temperature all molecular thermal mo- 
tion ceases. The element helium, a light 
gas at ordinary temperatures, becomes 
a liquid at a temperature of minus 
270° C (minus 518° P), and experimen- 
tally liquid helium has been cooled even 
a degree or so below its very low boiling 
point, but the absolute zero has as yet 
not been reached in the laboratory. 
Now, as we mentioned, the aging of liv- 
ing organisms is the direct result of a 
series of chemical changes. If organisms 
are exposed to lowered temperatures 
their aging is slowed. At the tempera- 
ture of liquid helium, for example, rates 
of aging processes should be stopped or 
should proceed at an infinitesimally slow 
rate as compared to those at our body 
temperatures. If in some way it were 
possible greatly to lower the temperature 
of organisms so as not to produce irre- 
versible and lethal changes and then 
later to raise the temperature again, the 
organisms would, for all practical pur- 
poses, be projected forward into the 
future during the time they were ex- 
posed to the very low temperature. 
Clock time for them would pass almost 
infinitely fast, while public time for the 
rest of us would proceed on at a constant 
rate. If such organisms possessed any- 
thing like memory resulting from the 
physico-chemical organization of their 
nervous systems, this, too, would be held 
in abeyance on cooling and started again 
on warming with no intermediate aware- 
ness of the lapse. 

At this point you may be thinking 
that this is all rather amusing, but what 


of it f Living organisms in general read- 
ily freeze to death, and mammals like 
ourselves soon die if our internal body 
temperature falls even as little as 15 °- 
20° P for a period of a few hours. But 
is it always necessary for cells to freeze 
when the temperature falls to very low 
values? Freezing is crystallization by 
definition. If heat is removed suffi- 
ciently fast from substances that nor- 
mally freeze at definite temperatures 
they do not have time to crystallize, but 
instead pass directly into a different 
kind of solid condition known as the 
vitreous or glassy state. Such glassy or 
vitrified substances if slowly warmed will 
crystallize, i.e., freeze. If they are very 
rapidly warmed through the temperature 
range in the vicinity of their normal 
freezing points they may pass directly 
from the vitreous to the liquid states. 
Pure water is hard to vitrify, since its 
speed of ice crystal formation is so very 
rapid. But watery solutions of sub- 
stances composed of large molecules 
which are referred to as colloidal solu- 
tions are more readily vitrified. The 
large molecules of the substance in solu- 
tion interfere with the ice formation. 
Thin films of gelatin solutions, for ex- 
ample, may be vitrified if plunged from 
room temperature into liquid air at 
minus 200° C. The films must be thin 
enough to permit a drop of temperature 
inside them of approximately 200 de- 
grees per second, since otherwise the 
water will crystallize and not vitrify. 
We are indebted to Professor B. J. 
Tjiiyet, of St. Louis University, for valu- 
able contributions to this field of research 
and for applications of these ideas to 
the vitrification of living tissues which, 
after all, are complex colloidal solutions. 

A number of workers, for one reason 
or another, have experimented with life 
at low temperatures. As early as 1893 
B. Pictet showed that certain bacteria 
and protozoa could be revived after ex- 
posures to the low temperature of liquid 
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air. W. Stilea, in 1930, reasoned that 
rapid cooling might produce a reversible 
state of suspended animation by the 
avoidance of ice formation. Professor 
Luyet and others had made a number 
of interesting contributions, and late in 
1940 Luyet and Oehenio published a 
book on the subject of “Life and Death 
at Low Temperatures.” They pre- 
sented experimental evidence indicating 
that below critical temperatures the 
vitreous state of certain colloidal solu- 
tions will remain indefinitely, there being 
no tendency to pass over into the crystal- 
line state. These temperatures for col- 
loidal solutions and for some proto- 
plasmic systems, which are, of course, 
colloidal in nature, extend for only some 
20 to 30 degrees below zero on the Cen- 
tigrade scale (77® to 86® below zero 
Fahrenheit). The literature they cite 
shows that a great variety of organisms 
can survive very rapid cooling in the 
liquefied gases and subsequent rapid 
warming. Moreover, the length of time 
endured in the vitrified state, as we 
should expect, in most cases seems to 
have no effect on the percentage of or- 
ganisms reviving. Upwards of 120 in- 
vestigations have demonstrated vitrifica- 
tion and revival of many forms of plant 
cells, of many forms of bacteria, of a 
number of forms of protozoa and of 
certain small metazoans. Luyet and 
Hodapp were able to vitrify and revive 
the male reproductive sperm cells of 
frogs, and Dr. L. B. Shettles in 1940 
has done the same thing for human 
sperm, obtaining a few per cent, revival 
after immersion in the liquefied gases. 

The organisms withstanding this treat- 
ment must be small, since if they exceed 
more than a few hundredths of an inch 
in thickness they are likely to vitrify on 
the outside and freeze on the inside, thus 
producing death. Organisms with low 
water content also are, in general, more 
likely to survive the treatment than are 
those with a high water content. The 


main thing apparently that prevents the 
projection of a living contemporary 
human being into the future to accom- 
pany the “Time Capsule,” buried at 
the site of the New York World’s Fair, 
on its journey to 6940 a.d. is the fact 
that minus 270® C, the temperature of 
liquid helium, is not a great enough 
temperature drop from that of his body 
at 37® C to allow him to be vitrified 
throughout in less than one second, a 
condition necessary for tissue survival. 
This limited temperature range of 307® C 
from minus 270® to plus 37® C, the 
temperature of his body), his size and 
the high specific heat of water of which 
he is primarily composed, evidently pre- 
cludes him from this interesting journey 
into the future along the time dimension. 
It would also be a prohibitively difficult 
task to keep him refrigerated for 5,000 
years, although he would probably be 
safe in storage at 30® below zero Centi- 
grade, since, according to Luyet, this is 
below the crystallization or freezing tem- 
perature of vitrified protoplasmic sys- 
tems. Reviving him would conceivably 
be slightly less of a problem, since he 
could be dunked in a measured weight 
of warming liquid at high temperature 
and of known specific heat so that his 
temperature would rise rapidly as the 
bath’s temperature falls and the two 
could be calculated to come to rapid 
equilibrium at 37® C, his normal b^y 
temperature. Such a hypothetical man 
should arrive with the Time Capsule at 
6940 A.D. ready to interpret its contents 
to the “Futurians,’^ no older than when 
he started his journey, since all his bio- 
chemical processes, including those in- 
volved in mental functions would have 
been fixed safely in the vitrified tissues. 

While, for purely physical reasons, we 
clearly can not send a man on such a 
journey, we might just possibly be able 
to send his immediate son. During the 
past year Dr. Gregory Pincus and I 
have confirmed Shettles’ finding that 
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human sperm can survive immersion in 
liquid nitrogen at minus lOS"" C (minus 
383® F). Moreover, by technical im- 
provements and pretreatments of the 
sperm we have increased the survival 
number from a few per cent, to 60 per 
cent., a concentration of sperm sufficient 
to insure easy fertilization of human 
ova. The revived sperm are just as 
vigorously motile as are those untreated 
and there is no reason to suppose that 
their fertilizing powers are impaired. 
Curiously enough, human sperm are 
much more resistant to this sort of treat- 
ment than are those of other mammals 
we have studied, which include rabbit, 
guinea pig, rat, mouse and bull. Luyet 
was unable to revive rat sperm after 
his successful experiments with those 
from frog. By special pretreatments 
we have been able to obtain from one 
half to one per cent, of live rabbit and 
bull sperm after immersion in liquid 
nitrogen. It is, of course, imperative 
now to get the revived sperm of experi- 
mental animals in appreciable yields so 
that we may test their fertilizing ability. 

Vitrified sperm may deteriorate with 
time. We should not expect them to do 
so, but only further experiments can 
confirm our expectation that vitrified 
sperm will remain viable indefinitely. 
Shettles kept samples of human sperm 
at minus 79® C (minus 142® F, the tem- 
perature of ‘^dry ice'^) up to 70 days. 
His data show a small decrease in the 
number surviving 70 days at this tem- 
perature compared to the number sur- 
viving a few minutes. But with his small 
yields and with the wide variability in 
samples showing these low yields of re- 
coverable live sperm, we do not regard 
this apparent trend in a few experiments 
as especially significant.® 

« Since writing the above, Dr. Pincus and I 
have stored human sperm in dry ice, removing 
samples from time to time to test their motility. 
All samples thus tested over a span of 125 days 


The problem of keeping sperm in sus- 
pended animation may be a very prac- 
tical one for animal husbandry. The 
indefinite storage of the sperm of prize 
animals and their possible use to renew 
prize stock after it has degenerated by 
faulty breeding is at once apparent. A 
great horse like ''Man O’War^* could 
thus have immediate sons many genera- 
tions after his death. It is even conceiv- 
able that at some time in the future we 
may systematically draw upon great 
geniuses of the past to father our human 
oflEspring. Possibly institutions which 
now store the memorabilia of our great 
departed may one day also store their 
vitrified sperm. Married couples to- 
day, when the husband is sterile, some- 
times have children by sperm selected 
by their physician from a donor known 
to him but forever unknown to the 
couple. Social sanctions may ultimately 
extend this practice to illustrious men 
of the past not only for the fertile wives 
of sterile couples but for certain other 
women as well, especially since emo- 
tional revulsion might be reduced in the 
case of a non-contemporary donor long 
since dead. The historical test of genius 
would have operated so that part of each 
generation could be fathered by truly 
great sires. 

While it still remains to be proved 
that vitrified sperm will keep indefinitely 
with fertilizing powers unimpaired, one 
is tempted with a variety of specula- 
tions. In a world rent by war and 
strife, the physically best are, in prac- 
tice, selected for the most dangerous ser- 
vice. The possibility of the storage of 
vitrified and revivable human sperm 
available in the event of the donor's 
death may, at some future time, have 
considerable social significance. 

have shown no decline during this time in the 
percentage of sperm revival compared to the 
percentage revivable immediately after vitrifi- 
cation. 
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The present application. In the first 
part of this article we have inquired into 
the origin of the concept of inevitable 
natural selection in an inescapable strug> 
gle for existence, a concept to which the 
term ** survival of the fittest was soon 
applied by a philosopher. We have tried 
to show how, in the minds of some phi- 
losophers, historians and international 
politicians, and doubtless in the minds of 
some biologists, the meaning of these 
words so shifted that the phrase came to 
signify a concept very different from the 
original. We saw that this interpreta- 
tion of the survival of the fittest even 
became the foundation stone of national 
and international policies. The substi- 
tuted concept of triumphant might was 
not new; the deadly national policies 
based upon it were not new ; but the pre- 
sumption that the policies had a sound 
and compelling biological basis, besides 
a historical basis, was relatively new — 
and it was also fallacious, as regards the 
alleged biological basis. This particular 
biological writer was even presumptuous 
enough to question the historical basis, 
which seemed to derive from the failure 
to look squarely at the whole picture. 
He made no claim to proficiency in the 
study of history; but, after all, history 
and sociology have their biological as- 
pects and a biologist may be justified in 
remarking that it simply does not make 
sense to assume that social progress and 
empire-building have rested primarily 
upon an alleged ^‘biological principle’^ 
that is too easily discredited. Narrowly 
selfish aggression, subjugation and mu- 
tual exploitation are not wanting from 
the pictures of past or present human 


lives ; but if they, rather than the more 
obvious biological principles of coopera- 
tion and social interdependence, have in- 
deed played the greater part in leading 
mankind at different times from sav- 
agery to high levels of culture with its 
idealism and respect for honorable and 
charitable human relations, then biology, 
the science of life, has nothing to offer 
to human life — and this is a contradic- 
tion in terms. 

In the part that follows, I shall try to 
write as a biologist undertaking an ob- 
jective view of his own species in the 
setting of the organic world, with full 
recognition of the inevitable limitations 
of view for one who has concentrated 
his attention upon certain parts and as- 
pects of that world. It happens that 
uppermost in our minds at the present 
time is a military conflict of unprece- 
dented scope and violence in which vir- 
tually the whole human race is directly 
or indirectly involved. In all the his- 
tory, human or biological, of which we 
have any knowledge, there is no record 
of either an intra-specific or inter-spe- 
cific battle for survival of comparably 
world-wide extent. In its scale, it is defi- 
nitely something “new under the sun “I 

If we take the present world- wide con- 
flict as a social or biological problem and 
attempt to follow the solution along bio- 
logical grounds, we start, as in the solu- 
tion of all problems, with certain as- 
sumptions. Our first assumption is that 
the dominating strength of cooperative 
effort has been abundantly demonstrated 
in biology and history. We should like 
to take as our assumption of the second 
order that one side in this struggle, our 
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side, represents the spirit of cooperation 
and the other that of exploitation. With 
such assumptions of the second order 
offering a clear issue between sheer mili- 
tary power and the cooperative support 
of liberty and order, events up to the 
present time would seem clearly to favor 
the success of the former. We might be 
tempted to say the other side was right 
and we were wrong. Certainly we have 
had no choice but to accept the challenge 
of aggressive military power; we must 
seem to adopt the dogmas of military 
might; we must engage in a war of 
annihilation, it is only fair to say. Are 
we, then, to lose faith in our expressed 
ideal of cooperative orderliness in the 
light of the apparent evidence of its in- 
effectiveness and of our own now whole- 
hearted and inescapable expression of 
the most violently aggressive spirit we 
can command? 

The actual fact is that, regardless of 
expressed principles of action and ideals, 
the present issue can not be formulated 
as stated above. Those who proclaim the 
survival of the strongest actually assume, 
demand and receive the cooperation of 
enormous numbers of peoples of several 
nationalities; they have a highly devel- 
oped social order. The cooperative spirit 
in the pursuit of a particular objective 
has perhaps never before been so fully 
and clearly exemplified as in Germany 
and Japan during the past decade or 
more. Their utter devotion to a common 
cause and their deadly earnestness in its 
furtherance can not fail to command our 
coldly intellectual approval. Of course, 
a defect in their exemplification of the 
ideal of social cooperation is that it stops 
at fixed national boundaries beyond 
which any cooperation must be one-sided 
and imposed upon others, beyond which 
the feature of mutuality is lost. Another 
possible defect in their exemplification 
of the cooperative spirit arises from its 
linkage with the conception that ‘‘might 
makes right.’' When outside enemies 


shall have been incapacitated for resis- 
tance, the winners may well lose the 
fruits of victory through unexpected 
application of their own theory within 
their own group. That would, however, 
be too late for our salvation. 

What of the other side? Have those 
who have proclaimed most loudly the 
value of a better social order and of 
human cooperation, have they, ourselves 
and others, practiced any such mutual 
aid beyond their own national boun- 
daries? There could be no question re- 
specting our adherence to the ideals of 
cooperation, altruistic sympathy and 
mutual helpfulness, if lip service could 
be accepted as valid evidence. Would it 
not, however, be doing violence to the 
actualities if it should be said that dur- 
ing the past few years we have done any- 
thing in a practical and effective way to 
bring into the scope of our brotherhood 
of men the Chinese struggling valiantly 
for the right to live their own lives as 
adherents to the principles of peace and 
cooperation, the Poles, the Norwegians, 
the Czechs, the Belgians and a half dozen 
other peoples, to say nothing of the 
French, the British and our own good 
neighbors, the Canadians? Disregard- 
ing the trivial fringe who asked for 
peace at any price to ourselves, have we 
not generally demanded peace for our- 
selves at any price to every one else? 
Have we not as a nation been just as 
strict adherents to the faith in national 
interest and national superiority as have 
the Gormans or the Japanese? These 
latter nations do at least include in their 
preaching, whether sincerely or not, the 
aim of promoting a more widely ex- 
tended social order for the benefit of all, 
even if it does inevitably mean “we 
first.” But we, too, know the slogan, 
“America first.” 

The avoidance of entangling alliances, 
doubtless an excellent doctrine in the 
time of its origination, has been one of 
our firmest articles of faith through all 
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the life of the republic. Self-suflSciency, 
self-interest and disregard of what might 
happen in the rest of the world and how 
it might affect us in the long run have 
been vital parts of our unwritten con- 
stitution, which has probably been pre- 
served with greater integrity than has 
the written constitution. There may 
have been a few modifications repre- 
sented, perhaps, by the Monroe Doctrine 
and the Spanish- American War; but, 
certainly during the past twenty-odd 
years, the isolationist and nationalistic 
policy has been more pronounced than 
ever before. As to the human race as 
a whole, our working principle of sur- 
vival through cooperation has been as 
closely conl^ed within our own boun- 
daries as has that of any nation now 
our enemy. This is not a complaint but 
a bare statement of fact. To our credit 
let it be said that we have also kept our 
animosities within our national boun- 
daries: we have not recently sought to 
conquer others. 

But our blind concentration upon na- 
tional interest, narrowly conceived, in 
contrast to world interest, or a broader 
conception of self-interest, is not the 
worst of it. What has been the internal 
situation T To what extent can we point 
with pride to any general willingness to 
sacrifice the interest of individuals and 
groups to a common interest! Again 
there has been lip service. No manufac- 
turer would ask for a high protective 
tariff for his own personal enrichment, 
but rather for the benefit of American 
labor. Labor may have been a little 
more frank in demanding for themselves 
a higher share in the wealth produced 
by farming, mining and industry, but 
usually with no little emphasis upon the 
great benefit to the farmers and the min- 
ers of an increased purchasing power for 
industrial labor. Farmers have voted 
enthusiastically for subsidies and high 
farm prices. Some mining interests have 
worked for an artificial price for their 


product. I am not offering a word of 
criticism against any of these demands 
and efforts, nor expressing an opinion 
as to whether the several demands have 
been incumbent upon the respective 
groups in the prevailing circumstances. 
They are mentioned solely with the ob- 
jective purpose of suggesting the desir- 
ability of a detached consideration of 
the question whether or not we have 
within our own boundaries manifested 
any high degree of internal adherence 
to the principle of mutual effort in the 
common interest. Personally I believe 
the answer is but it is not neces- 

sary to argue the point. You may give 
any answer that seems justified by the 
facts; but it does seem clear that, if our 
present endangered situation has arisen 
in spite of substantial practical applica- 
tion of a national cooperative effort to 
serve best the good of all, the results up 
to now do not speak too well for the pro- 
tective effectiveness of that spirit as it 
has been manifested during the past 
score of years. If we did not know be- 
fore we ought to know now that it is 
hard to beat people who really work 
together — and really work. 

We know of course very little in a 
direct way about internal cooperation in 
Germany and Japan, but we have a 
wealth of circumstantial evidence and, on 
the whole, it seems very clear that, if 
wholehearted cooperation and mutual 
aid within relatively narrow geographic 
boundaries can be the basis for survival, 
the Axis powers would have a very good 
case on their side. Most emphatically I 
do not assume that to be the case. In- 
deed the Axis powers have rendered a 
distinct philosophic service in reducing 
to an absurdity the idea that war is a 
means of effecting the survival of a 
superior kind of people. Who will be 
the victors — the supposed “survivors'^! 
Whites ! Y ellows ! Browns ! They are 
on both sides, or may be. Teutons! 
Slavs! Mediterraneans! Caucasians! 
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Mongolians f , etc. There was never more 
scrambling of races in the armies of two 
sides in a war I 

Obviously the conclusion is that, as a 
very large number of people have felt 
for a long time and perhaps many more 
in recent months, the world has so 
changed in respect to conditions of 
transportation and international com 
munication that a nationalistic definition 
of cooperation and mutual aid is no 
longer suflScient, if indeed it ever was. 
Furthermore, the spread of education 
and communication and the wide exten- 
sion of intra-group contacts and ac- 
quaintances, with development of group 
consciousness and recognition of group 
power, have resulted in a temporary 
state of increasing social disruption, not 
to say chaos, which is going to necessitate 
a much greater effort for consolidation 
than has yet appeared. 

It should be obvious that cooperation 
and mutual effort toward a common end 
can be effectuated only under conditions 
of safety and order, and, as almost 
everywhere in the animal kingdom, 
safety and order can be attained only by 
the sacrifice of individual and small- 
group interests to those of a larger 
group. The real question confronting 
the human race at this time is — how 
broad shall be the group whose interest 
is to be paramount over the interest of 
individuals and of local or industrial 
groups? There is, I think, no difference 
in character in the answers given by 
different people and by different groups. 
The answer may be the industrial or the 
social class to which individuals pertain. 
The answer may be the State, that is to 
say, a particular State ; the answer may 
be the aristocracy of birth or wealth ; the 
answer may be the proletariat; the an- 
swer may be the hemisphere ; the answer 
may be civilized man ; or the answer may 
be mankind at large. The last answer 
seems to be that of Christianity, which 
has been widely extolled but never yet 


taken generally as politically practi- 
cable. Has it ever been the actual basis 
of national policy t The various ‘ ‘ isms, ’ ' 
so much to the front in recent years, 
seem all to have been satisfied with an- 
swers like the State or the Proletariat. 

It may, then, be said that one answer 
to the question of why we face to-day 
such an overwhelming task is that we 
have not practiced in even half-way 
fashion, either among nations or within 
our own country, what we have preached 
with reference to mutual aid or social 
order, to say nothing of our past dis- 
regard of the frank scorn of our present 
enemies for our “naive'' social phi- 
losophy and our deafness to their re- 
peated bluff warnings. Neither radicals, 
liberals nor conservatives can put the 
full blame on others. What have been 
our national ideals? The so-called 
American standard of individual success 
through the mere attainment of wealth 
is now too generally discredited to jus- 
tify consideration in this connection. 
What ideal has been most to the front 
but lives of ease for all, the chicken in 
every pot, two cars in every garage, a 
40- or 30-hour week (for some, not for 
all), a soft life for every one, security 
without commensurate effort? We have 
sought a fool's paradise, than which 
there is nothing lovelier or more peril- 
ous. It is no disparagement of demo- 
cratic ideals to admit that a people 
taught to believe that the State must 
give them security and comfort has some 
initial handicap in the acid test of con- 
flict with peoples taught to believe that 
they must give security and power to the 
State. 

Actuality of the struggle for existence. 
It is perhaps natural that biologists, im- 
pressed with the daily observation of 
“the struggle f existence" in the or- 
ganic world, should be skeptical of the 
practicability of a general life of ease 
and security. Everywhere in nature we 
see such a struggle, and frequently on a 
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stupendous scale, as where millions are 
born for a pair that survive. We see 
everywhere in the animal and plant 
world the need for self -protection, for 
the maintenance of territorial areas and 
for resistance to external aggression. It 
is commonly accepted that “self-preser- 
vation is the first law of nature.*' We 
pass over for the present the fallacious 
politico-philosophical extension of this 
principle to justify aggression and sub- 
jugation. The extent of over-produc- 
tion, and that of the consequent culling, 
vary widely with different kinds of or- 
ganisms. In one case, as just suggested, 
there may be millions produced for the 
tiniest fraction of one per cent, that 
survive. In another case a dozen or 
even less may be the measure of the 
biotic potential, with survival of eight 
to twenty per cent. I know of no case 
where a pair of organisms in nature 
normally give rise only to the number 
that survive, that is to say, of no species 
suffering no mortality from depredation, 
disease or starvation, exempt from nec- 
essary processes of elimination and free 
from interspecific competition for mere 
survival. 

Parenthetically, it is true that, by 
some peoples, overcrowding has been 
advertised as an argument for wars for 
expansion of territory. It will be time 
to take seriously a complaint of over- 
crowding when those who broadcast to 
the outer world their pitiably congested 
conditions stop urging their own people 
to be more zealous and efficient in repro- 
ducing. It is not logically sound to pro- 
mote a condition of overcrowding by 
producing greater crowds. Certainly it 
is not clear that the most populous coun- 
tries are the most warlike, or that those 
who cry for expansion want space so 
much as power over others. 

The mere preservation of life is not, 
however, the only feature of the struggle 
for existence. If I, as a biologist, can 
not envision a permanent state in which 


every able-bodied person loafs or plays 
most of the time when not asleep, the 
trouble may of course be in my capac- 
ity for social vision. There have been 
leisure classes and sometimes they have 
looked very nice. Perhaps at times most 
of us would like to belong to such a class. 
Has there ever been such a class that did 
not derive its living from the labors of 
others, and has there ever been any real 
service to mankind from the representa- 
tives of such classes, except as they have 
foregone leisure for genuinely hard 
workt Is anything worth doing easy to 
dot Was the shibboleth of “the strenu- 
ous life" a completely futile one! Is it 
not just possible that no one should loaf 
more than is actually necessary for the 
maintenance of physical and mental effi- 
ciency, except in so far as, for purely 
sentimental reasons, or for lack of assur- 
ance regarding the unforseeable poten- 
tialities of social contribution, we main- 
tain the crippled and the agedt The 
immature need not be excepted, with the 
understanding that the “work" of chil- 
dren includes play and learning, which 
are necessary to the development of 
physical and mental efficiency and that 
it should also include a reasonable 
amount of useful social service as an 
essential part of the preparation for the 
physical, mental and moral responsibili- 
ties of complete citizenship. We are 
now told that we may have to live hard 
“for the duration,^ ^ That may be for 
the duration of the war, or it may be 
for the duration of the order which may 
follow the war — for the duration of time. 
We are beginning to forget that we have 
heard that we need not sacrifice our 
standards of living for the national 
emergency; rather, we are beginning, 
and doubtless merely beginning, to face 
just this sacrifice. 

In a very real way social science is a 
branch of biology, but biology is a very 
broad field and no one can encompass 
the whole area. Perhaps it would be 
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better if social theorists knew more biol- 
ogy and biologists knew more social sci- 
ence. A laboratory biologist may not 
answer but perhaps he is justified in 
asking the questions: To what extent 
generally can a high standard of living, 
in the sense of ease and security, be in- 
definitely maintained without the erec- 
tion of tariff barriers and other economic 
and political walls around our own sec- 
tion of the earth ^s surface T and: How 
can we maintain such barriers and still 
be full participants in a world-wide so- 
cial order ensuring security against the 
rhythmic recurrence of world wars! It 
is an unpopular question, and possibly 
a dangerous one even to state, but is the 
progress or the virility of the human 
race capable of promotion by any gen- 
eral guarantee of ease and security? 
Certainly no State boasting of the effec- 
tiveness of its particular ‘^ism'’ has 
offered anything like general individual 
ease and security, to say nothing of free- 
dom! Youth demands security,’’ we 
were hearing quite recently ; the demand 
might be all right, if you can give satis- 
factory answers to the questions: Of 
whom ? and For what end ? At any rate 
youth have definitely not gotten secur- 
ity! We used to hear: ‘*He that saveth 
his life shall lose it!” 

Doubtless it will be deemed irrelevant 
to point out that the pioneers in America 
and those of the Great West found no 
softness or security except as they got it 
in the hard way. What people have con- 
tinued to enjoy for long a period of easy 
life ? There is no inconsistency between 
an ideal of mutual helpfulness and an 
ideal of hard work and self-reliance. 
What man needs in social help is not a 
guarantee of security through the acci- 
dent of having been born in a particular 
community or group or through the pur- 
chase or gift of a membership ticket, but 
a chance to fight his own battle, not with 
the sword or gun if avoidable, but with 


his own physical, mental and moral 
powers exerted in his own and the gen- 
eral social interest. 

Prognosis. We have implied that, in 
the present time at least, wars are social 
disorders, which, if unchecked by the 
most vigorous and concerted action of 
those who prefer peace to warfare under 
modern conditions, actually threaten the 
preservation of the race in any tolerable 
state of culture. Is there a conceivable 
remedy 

We do not ask if the present war could 
have been prevented. I may think it 
could have been obviated had we done 
thus and so; you may hold that endur- 
ing peace could have been assured by 
actions of the very opposite nature. Let 
us steer away from the treacherous rocks 
of futile argument about the past and set 
our sails with all hands alert to weather 
the reefs that lie straight ahead. We are 
in a desperate struggle: either we shall 
lose and have no say about the future 
order; or we shall win and have a voice 
in shaping the future. I do not happen 
to have confidence in winning without 
sacrificing our recently cherished way of 
life. Be that as it may, and, at the best, 

1 The outlawing of war is the roverse of the 
philosophy of pacifism ’ ' in the special dense. 
Wo may all be paciSdts in the sense of having 
an abhorrence of war ; but I coul^ never see the 
position of the pacifist, who would enjoy the 
results of the protection of homeland and family 
by others but would not participate in the dis- 
agreeable efforts involved in protection; who 
would enjoy the order of a community without 
giving aid to the police or being ready to take 
his full part in an emergency. It is a fine lino 
to draw between the “conscientious objector “ 
and the parasite. Wo do not recognize the con- 
scientious objector to tax-paying, although he 
asks much loss of a sacrifice of his fellows. 

It may be noted here also that some intellec- 
tuals seem to see only a fine line of distinction 
between defensive and offensive wars; notwith- 
standing that our whole system of internal order 
is conditioned up^fi the recognized capacities of 
jurymen of average intelligence to see the dif- 
ference between killing in self-defense or in 
maintenance of order and killing for aggran- 
dizement of individual or group. 
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I do not now see the chance for an 

American-made'' order after the war. 
It requires more national complacency 
than I can justify in the actual circum- 
stances to imagine that we can subordi- 
nate the parts to be played in the final 
settlement by the Chinese, the British 
and the Russians. We do look forward 
confidently to having a voice in the 
afterorder, and, let us hope, an equal 
voice with those who were driven earlier 
to fight for some freedom to shape their 
own lives. 

The question to which we address our- 
selves now is: Is warfare for survival, 
inescapable as it is to-day, to be looked 
upon as a forever-recurring phase of 
human history t We have already ex- 
pressed our definite opinion that it is 
not a normal biological phenomenon, 
that it is not necessarily ingrained in 
man. Without going back over the pre- 
vious discussion, let us deal now with the 
argument that inter-tribal and interna- 
tional wars have marked all human his- 
tory. This does not make warfare nor- 
mal in the sense of being inherent and 
inescapable any more than are murder 
and rape, any more than is infanticide 
or slavery. There was real philosophy 
in the comment of the old cannibal chief- 
tain, who, having listened vrith wonder 
to the story of a veteran explorer about 
the thousands killed in a battle between 
civilized armies, inquired skeptically : 
‘‘But how could you eat so many?" 
When told that the killed were not eaten, 
he exclaimed: “Don't eat them! Then, 
why do you kill them?''* Imagine the 
task of convincing the cannibal that an 
age-long practice was not ingrained, in- 
evitable and entirely proper 1 

If one other story may be interposed, 
it is that of the shoemaker whose oracu- 
lar utterances commanded the respect of 
his neighbors. They sought his opinion 
regarding the prospects for recovery of 
an aged friend who was critically ill, 

s I wish I might credit this story to the real 
author, whoso name I do not know. 


Upon due deliberation the shoexnaker 
prognosticated confidently that the man 
would recover. When pressed for his 
reasons, he replied with solemn assur- 
ance ; ‘ ‘ Well, he always has ! ' ' Have we 
not all something of the shoemaker’s 
faith in the past! 

We outlive some of our practices or we 
do not. Warfare has become a practice 
so expensive and so destructive, not to 
life alone, for only ten or twenty per 
cent, are killed, but to any form of toler- 
able social order, that we may have to 
outlive it or else succumb to it. It may 
not do any longer merely to hope that we 
can somewhat prolong the intervals be- 
tween wars — to strive, as a friend re- 
cently proposed, to put off the next war 
for thirty instead of twenty years. 

I was reading recently a contemporary 
account of the black plague that swept 
across Europe in the fourteenth century. 
In the one city of Florence the number 
believed to have died was greater than 
the number previously supposed to have 
lived there. At least ten million, or 
about seventeen per cent, of the popula- 
tion of Europe, are supposed to have 
died (Pearl, 1939, p. 308). Everywhere 
there were demoralization and disrup- 
tion of established modes of social life. 
Explanations of this continental catas- 
trophe were not wanting. Wearied of 
the wickedness of his terrestrial subjects, 
the Almighty had sent this devastating 
visitation to wipe out the majority and 
make a fresh start; or it was attribut- 
able to the unfortunate operations of 
the heavenly bodies. One might have 
argued in vain that, although doubtless 
the plague was unavoidable as an initial 
localized outbreak, yet proper knowl- 
edge, determination and effort could 
have effected control — as we now know. 
Had we lived at that time, the plague 
would have seemed one of the inevitabili- 
ties. It had always been liable to occur. 
Who could govern the action of the 
Almighty or direct the movements of the 
stars? We could only have hoped that 
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it might be a long time before the next 
recurrence. There may be here a closer 
parallel than we are likely to imagine 
between the old fatalistic view of disease 
and the present concept of the inevitabil- 
ity of war. If only fifty odd years ago 
you had been with de Lesseps in Panama 
and had argued that malaria and yellow 
fever were not inherent in the situation 
and had prophesied that within twenty 
years the Canal Zone would be one of 
the healthiest places in the world, you 
would have been in danger of committal 
to an institution for the feeble-minded. 
Nevertheless, your propheey would have 
been gloriously justified on schedule 
time. Science pointed the way, and Gov- 
ernment took intelligent and effective 
action. 

The future peace will, I feel sure, rest 
upon power and concert of power, with- 
out necessary equality of power, rather 
than upon adjustment and compromise. 
I am well aware that many social and 
political idealists will dissent when it is 
predicted that peace will not be based 
upon compact with the vanquished (it 
will not be if the other side wins!). Jt 
will not rest upon compromise or com- 
pact. It is a question of one’s concept 
of the real nature of war. If one pal- 
liates offensive war one may expect a 
temporary peace. Undoubtedly there 
have been times in the past, when battles 
to the death between men and armies 
were looked upon as merely a particu- 
larly rough form of sport. It is not 
so now. Perhaps conditions have just 
changed ; but the Germans and the Japa- 
nese sensed the change first. They have 
eliminated the aspect of sportsnianship ; 
the principles, or “unprinciplcs,” of 
gangsterism offer greater advantages. 
If offensive war is to be totally rejected 
as an instrument of national policy, if 
it is to be regarded as murder, arson and 
robbery on a grand scale, the perpetua- 
tors will not find themselves on an equal 
footing in the post-war order or deem 


it safe to plan for another. Take this 
opinion or leave it : if you know a better 
way to deal with national egotism in the 
nth degree, empowered with the scruples 
of gangsters, we should all listen, of 
course. 

I do not yield to the defeatism that 
contemplates periodic wars because man 
is built that way. “There shall be no 
end to war in this world,” we were told 
about 2,000 years ago ; but we had always 
had plagues, and we do not now think 
of them as beyond control. We have 
heard that war is necessary to the virility 
of a people; but no evidence has been 
adduced to support an apparently spe- 
cious contention: how can the race be 
improved by the elimination of the most 
virile f Wars are necessary to relieve 
overcrowding ; but war is followed by an 
increase in birthrate, and not necessarily 
for the sturdiest. Wars are the inevi- 
table results of economic strains; but 
wiiat economic improvement can be 
effected by modern war? Wars are even 
less useful than the plague, but we do 
not palliate bubonic or yellow fever. 
To be sure, future wars will not be 
estopped by wishful thinking or talking ; 
adequate organization supported by 
effective power is the desideratum. No 
doubt the power will have to be mundane 
in scope ; the time for a pax Romana, a 
pax Britannica, a pax Americana or any 
other imperial pax, is probably gone. 
We may look forward to a “pax mun- 
dana.” 

May it be repeated that the war of 
to-day is biologically revolutionary t In 
its scope and its nature it is a phenome- 
non such as has never occurred before 
in all the history of animal life. A con- 
dition without precedent brings an after- 
math without precedent. 

But, interposes the skeptic, to have 
effective world organization you must 
first educate the people and that will 
take generations. Well, this war un- 
doubtedly is going to be very educative, 
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on the ‘‘speed-up'' plan, and widely so 
with respect to war as an intolerable 
calamity ; but it is no discredit to demo- 
cratic principles to point out that the 
control of yellow fever and bubonic 
plague did not have to wait upon general 
education and popular demand. Science 
showed how, and those vested with re- 
sponsibility and power assumed control, 
having the sense and courage to adopt 
vigorous quarantine, eradication and 
other measures — and the people did not 
disapprove, although they had not had 
prior education or even any slight knowl- 
edge of the causes and conditions of the 
disease. For the control of war, as of 
pestilence, it will be necessary to educate 
administrative officers and representa- 
tives; then, of course, the farther the 
education of the people can be carried 
the better. 

We have to deal realistically with war 
and the beginners of war. Whether or 
not all criminological theorists will agree, 
I believe it would be the general view 
that, if murder were rampant in the com- 
munity, the murderers should be exe- 
cuted or confined. We are now con- 
fronted with war and the makers of 
wars, and the only proper action. 


whether one likes it or not, is to go just 
as far in annihilation, or in imposition 
of “durance vile," as is necessary to 
create a greater impotence for warfare 
and a greater distaste for war than some 
nations have thus far had. You can in- 
dict a people — if you can bomb them, 
and do not care to do it periodically. 

I am optimistic, but certainly not 
overly assured, as to the development 
of an organization and a will to perma- 
nent world peace. It is conceivable that 
there will be a peace of adjustment and 
the initiation of another period of prepa- 
ration for aggressive war. In such a 
contingency, we may well be distrustful 
of the preservation of any respectable 
social order. My hope for a solution of 
the crucial problem is based primarily 
upon the apparent necessity for a solu- 
tion. Before the present crisis has past, 
unless I misjudge the prospect, the 
mother of invention will arise before us, 
as “a Phantom — with distrustful aspect, 
Terrible in beauty, age and power," and 
she will be pregnant with the machinery 
of enduring peace. We do not know 
what the baby will look like, but we may 
have to take and support her whether 
we had planned for her or not. 


THE RURAL SCHOOLS IN WARTIME 


Rural America has a tremendous responsibil- 
ity in wartime. It must supply nearly half of 
the fighting men. It is providing nearly half 
of the workers in war industries. It must pro- 
duce food for victory. It must hold fast to its 
democratic institutions and to the democratic 
way of living. In 1940 there were one million 
more young people under 16 years of age in 
rural than in urban America. 

Only highly trained armed forces can win in 
modern warfare. Only skilled workers can pro- 
duce w^ar materials and food for victory. And 
only a people who have learned to understand 
and love democracy can defend it. Manpower 
and materials arc necessary but unless wo pro- 
tect our democratic institutions we lose the very 
ideals for which we are fighting. Education is 


an integral part of the war effort, and without 
the public schools we can not have this education* 
It is significant that (Ireat Britain has increased 
appropriations for public education each year 
since the war began. In the dark days ahead, 
rural America must devote all its natural re- 
sources and all its human energies to achieving 
victory and winning the peace which will follow. 
But it can not do this if it closes its schools. 
They are the foundation of democracy in both 
war and peace. It is essential to winning the 
war itself and to the preservation of democracy 
for which we are fighting that schools bo kept 
open and the children provided with the facili- 
ties essential to this end. — C. S, Marsh, in ^ * The 
Report of a Conference on the Rural Child in 
the War Emergency.** 



A STATE ACADEMY CHARTS ITS COURSE 


By Dr. GEORGE W. JEFFERS 

FSISlDlRTy THX VIBOINIA ACADEMY OF SCIENCE; PSOFESSOB OF BIOLOGY, 

STATE TEACHEBS COLLEGE, FABMVILLE, VIBGINIA 

The revival of science in the sixteenth recognized. In France, the Acad^mie 
century revolved around such towering Royale des Sciences was founded in 
university professors as Vesalius and 1666, and the Prussian Akademie der 
Galileo. However, while the universities Wissenschaften in 1700. In this country 
seemed to be fit soil for the germination the American Philosophical Society was 
of the new science they were apparently first proposed by the many-sided Frank- 
unsuited for its rapid progress. Instead 1 in in a printed circular letter distrib- 
of centers of the new advances in science, uted to friends throughout the colonies 
they remained ‘‘seats of unproductive in 1743. 

conservatism, mechanically repeating the Franklin envisioned something broader 
formulae inherited from the Middle than a merely local club ; he had in mind 
Ages.’’^ During the seventeenth and a sort of intercolonial Junto. In his 
eighteenth centuries the real pioneer “Proposals*' for the society, Franklin 
scientists were without university affilia- stated that now that the first drudgery 
tion for the most part. Descartes, Leib- of settling the colonies was over, there 
niz, Harvey and Leeuwenhoek were all was opportunity for speculation and 
private scholars. These men and others examination of the natural world. The 
of their kind needed and sought intel- period of “settling the colonies" was 
lectual companionship often found in followed by the turbulent times of the 
small friendly groups. Thus it was that Revolutionary War, and it was toward 
scientific societies, or “academies," the end of the eighteenth century before 
emerged to furnish the bond between other “academics" appeared. The old- 
men of learning that the universities did est of our state academies of science 
not provide. Patterned upon the Acad- would seem to be the Maryland Acad- 
emy instituted by Plato in 387 b.c., these emy, growing as it did out of the old 
new academies appeared first in Italy “Academic Society," which was organ- 
but soon spread over Europe and thence ized in 1797. Of the city academies the 
to America. records state that the New York Acad- 

The distinction of being the first such emy dates from 1817. 
academy of science probably belongs to When we consider the difficulties of 
the Academic Secretorium Naturae, communication and transportation, it 
which was founded in Naples in 1560. was natural that city academies should 
It was more than a hundred years before have gotten an earlier start than state 
the Royal Society of London received its academies. The formation of additional 
charter in 1662, although a group of city academies of science seems to have 
kindred minds had been meeting regu- definitely ended. None the less, the city 
larly in that city for some time previ- academy has had a long and honorable 
ously. It had existed experimentally history, and most of them are in a thriv- 
and proved its use before being officially ing condition to-day. The New York 
lEric Nordanakiold, “The History of Biol- Academy, the St. Louis Academy, the 
<>gy>" P- 142, New York: Tudor Publishing New Orleans Academy, the Washington 
Company, 1935. Academy, the Rochester Academy, the 
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Boston Society of Natural History and 
others have had a long and successful 
existence. 

Of the state academies, only seven 
were founded during the nineteenth cen- 
tury and all these, except the Maryland 
Academy, after the Civil War; three, in 
fact, during the closing decade of the 
century. With the opening of the pres- 
ent century the movement spread rap- 
idly. If the present rate of organization 
is maintained we may expect soon to 
have an academy of science in each state 
except possibly certain New England 
states. Tliese states have lagged in de- 
velopment of academies, for which there 
are doubtless good reasons which we 
shall not attempt to list here. 

One might well inquire: Whence the 
momentum for the rapid spread of the 
academy movement in our own times? 
Certainly it can not be attributed to the 
conservatism of our institutions of 
higher learning. Our colleges and uni- 
versities are no longer inhospitable to 
science, although in certain regions and 
in certain types of institutions the status 
of science is not all that could be desired. 
That the original raison d^etre in some 
instances has been to provide a bond of 
fellowship is not to be overlooked, even 
if only one academy (Virginia) states as 
one of its objectives *Ho provide oppor- 
tunity for . . . fellowship among its 
members.'* One contributing factor has 
undoubtedly been the paternal and fos- 
tering attitude of the American Associa- 
tion for the Advancement of Science. 
The association has helped to organize 
some academies. It has aided and 
strengthened the research programs of its 
affliated academies. In its academy con- 
ference the association furnishes a forum 
where representatives of the various 
academies meet on an equal footing for 
the consideration of mutual problems. 

Probably the academy movement 
stems from the positive desire to make 
science function in the lives of the citi- 


OmANiZATION AND MfllfBEBSHlP OF STATE 
Academies Affiliated with the 
Amebican Association for the 
Advancement of Science 


Date of 

Membership 

organi- 

in 1940 

zation 

or 1041 


Amer. Inst, of City of N. Y. 

1828 

358 

Maryland 

1797 

38 

New Orleans 

1862 

270 

St. Louis 

1856 

416 

Kansas 

1808 

664 

Wisconsin 

1870 

348 

Indiana 

1880 

897 

Iowa 

1886 

681 

Ohio 

1891 

678 

Nebraska 

1891 

184 

Michigan 

Illinois 

1804 

1008 

1129 

1161 

Oklahoma 

1909 

475 

Tennessee 

1012 

469 

Kentucky 

1914 

346 

Now Hampshire 

1019 

208 

North Carolina 

1902 

365 

Georgia 

Virginia 

1022 

1023 

124 

912 

Northwest 

1923 

423 

South Carolina 

1924 

281 

W^est Virginia 

1924 

313 

Pennsylvania 

1924 

445 

Louisiana 

1927 

273 

Colorado Wyoming 

1927 

336 

Minnesota 

1932* 

642 

Missouri 

1934 

720 

Florida 

1936 

346 

Alabama 

1924 

360 

British Columbia 

1909 

104 

Mississippi 

1931 

140 

North Dakota 

1908 

115 

Texas 

1802t 

661 


• Reorganized. Data on organization were gath- 
ered by ur. W. H. Seboewo, of the Kansas Acad- 
emy. Membership data from Science, 93 ; 2414, 
April 4. 1941. More recent data have been sup- 
plied for part of the academies. 

t Reorganized, 1928. 

zens of the state by providing a medium 
through which the state may take advan- 
tage of the findings of science, thus help- 
ing both the academy and the state to 
contribute to the general good. This is 
borne out by the rather striking simi- 
larity of objectives of the various acade- 
mies. For example, it is likely that most 
would approve the following statement 
of the Kentucky Academy: “To encour- 
age scientific research, to promote the 
diffusion of useful scientific knowledge 
and to unify the scientific interests of the 
state." 

Between objective and accomplishment 
there is often a great gulf. While this 
is probably as it should be, objectives are 
not to be lost sight of altogether. True, 
many academies can point with justifi- 
able pride to specific attainments of con- 
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siderable merit such as their publications, 
their su mm er field stations and their 
junior academy and science club work. 
Nevertheless, some academies would 
have difficulty in justifying their exis- 
tence in so far as advancing scientific 
interests and thought within their com- 
munities is concerned. 

Every one will agree that the aim of 
a state academy of science should empha- 
size service to science, not only to its own 
members but to the science of the state 
as a whole. While the first function of 
an academy should be the promotion of 
research, it is of equal importance to 
make known its work to the citizens of 
the slate. The academy should likewise 
act as a clearing house for all the scien- 
tific activities of the state. Further, the 
ideal academy should bo on intimate 
terms with the state’s industry and com- 
merce, especially with the greatest busi- 
ness within the state, namely, the state 
government itself. 

Such objectives can not hope of full 
attainment so long as academics work 
chiefly upon the basis of one-year plans. 
Strictly speaking, the annual meeting 
should recognize such purposes. How- 
ever, the business meeting is generally 
swamped by other matters of immediate 
but not of greater importance. The 
average academy meets once a year for 
a day or two, the usual run-o’-mine 
papers are presented, committees are ap- 
pointed or continued, the retiring presi- 
dent makes an address and a good time 
is had by all. Only six academies — 
Indiana, Oklahoma, Texas, Tennessee, 
Minnesota and Florida — hold as many as 
two meetings a year. Contrast this with 
the situation in city academies ; The New 
York Academy holds twenty-eight meet- 
ings, the St. Louis Academy fifteen and 
the New Orleans Academy five. Inter- 
estingly enough, state academy meetings 
are well attended and membership is on 
the increase.* 

2 From 1936 to 1940 only seven state acade- 
mies showed a decrease in membership, whereas 


In the state academy we have a me- 
dium already at hand through which 
science can flow directly into the lives of 
our people. The academy can initiate 
and carry through projects that a na- 
tional science organization can not 
undertake. The national organization 
can coordinate the work of various local 
groups and can inform one group of 
what the others are doing. But only the 
academy can do the job. Men and 
women are already susceptible to the 
magic of science, as witness the radio 
barker invoking the name of science to 
help him sell his wares. The American 
people have at their command the bene- 
fits and the gadgets of science, but this 
public remains woefully untouched by 
science as a way of life. This was made 
abundantly clear by the venerable A. J. 
Carlson in his Sigma Xi address in 
Philadelphia a year ago. Moreover, at 
no other period in our history have scien- 
tists been under such a peculiar obliga- 
tion to consider science in the broader 
aspects of its effects upon human beings. 
Too long has the emphasis of science been 
upon material things. 

I am well aware that it is not cus- 
tomary to report upon an experiment 
before it has even gotten well under way. 
But the experiment in socio-scientific 
planning recently inaugurated by the 
Virginia Academy of Science is so novel 
that I venture to describe it in the hope 
that its very audacity may stimulate 
other academies to project their thinking 
into the future along similar lines. Not 
that the Virginia plan will necessarily fit 
any other situation, but it should be of 
assistance to other academies in formu- 
lating plans of their own. I am per- 
suaded that even if the Virginia experi- 
ment is not carr>< d through to its logical 
conclusion, the results to date have justi- 

twenty-two showed increases, and in five cases 
the change could not be computed. The largest 
decrease was 16.9 per cent., but nine had in- 
creases above this figure. Science^ 93: 2414, 
AprU 4, 1941. 
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fled its beginning. The members of the 
academy have a new esprit de corps and 
an awareness of the obligations of science 
to the people of the state. 

Through its twenty years of life the 
Virginia Academy has followed the pat- 
tern of most state academies of science: 
It boasts a membership of nine hundred ; 
it has fostered research, especially 
among its younger members ; it has 
organized and is now sponsoring a 
Junior Academy of Science; and it has 
a struggling but vigorous Journal of 
Science. If its material success has been 
more than that of some sister academies, 
it has been due largely to the good for- 
tune of having had an unusually efficient 
and devoted secretary during its whole 
existence. 

During the year that Dean Wortley F. 
Eudd was president-elect of the Virginia 
Academy he must have given more than 
the customary amount of thought to 
academy problems because, when he took 
office as president in May, 1941, he dem- 
onstrated that he knew where he was 
going. He immediately asked for au- 
thorization to appoint a committee on 
long-range planning for the academy. 
But before appointing this committee 
President Rudd consulted each member 
of the academy with regard to two ques- 
tions that had been uppermost in his 
mind during the preceding year. These 
questions were : 

1. What, in your judgment, should be the 
primary objectives of a state academy of 
science f 

2. Please outline rather carefully, and in 
order of their importance, three or more distinct 
contributions that tlie academy may and should 
make to Virginia in the next five years. 

The same two questions were sent to 
the members of the National Association 
of Science Writers, to the secretaries of 
all state academies and to a large group 
of distinguished scientists throughout 
the country. Returns from all these 
sources were excellent and the replies 
often make interesting reading. From 


the membership there were one hundred 
and fifty-two letters of response contain- 
ing four hundred and fifty-seven sugges- 
tions. All these data were abstracted 
and the suggestions classified” under the 
following headings : Research ; Publicity 
of Academy's Work; Science Education; 
Problems concerning the State; Science 
Clubs and Junior Academy; Guidance 
Program ; Academy Meetings ; Providing 
Science Materials ; Water Pollution ; 
National Defense ; Science Museum ; 
Problems concerning Industry; Retain- 
ing Virginia's Trained Scientists, and 
Miscellaneous. Since the items are here 
arranged in the order of their frequency, 
one can see that our scientists still con- 
ceive of the promotion of research as the 
primary function of a state academy of 
science. Research was mentioned in 71 
per cent, of the replies, Publicity of the 
Academy's Work in 46 per cent., Teach- 
ing and Science Education in 44 per 
cent., and Problems concerning the State 
in 28 per cent. 

The selection of the personnel of the 
Long Range Planning Committee was 
carefully arranged as follows: About 
twenty of the “most experienced and de- 
voted members" were asked to nominate 
five or six persons who would meet the 
requirements for membership on such a 
committee. Nominations were not con- 
fined to academy members. From the 
resulting eligible list of around one hun- 
dred names, the final selection of nearly 
twenty-five was made by a small group 
around the president. Interestingly 
enough, not one person declined to 
serve. 

Armed with the information from the 
questionnaire^ President Rudd convened 
the Long Range Planning Committee on 
October 25, 1940. The response was in- 

8 By Mr. H. J. Davis, of WilUamsburg, Va., 
through whose efforts the Virginia Junior Acad- 
emy of Science was organized. Summaries of 
his report on data are available. Write Dr. £. 
C. L. Miller, Secretary-treasurer of the Acad- 
emy, Medical College of Virginia, Bichmond. 
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deed gratifying— only six members were 
absent, and each absentee sent in a satis- 
factory explanation of his absence. The 
president of one of the state’s institu- 
tions of higher learning traveled two 
hundred miles to attend. The organiza- 
tion of the committee was soon completed. 
The unanimous choice for chairman was 
Mr. L. C. Bird, who had shown his abil- 
ity as general chairman of the Richmond 
meeting of the American Association for 
the Advancement of Science in 1938. 
Dr. Sidney S. Negus, assistant secretary 
of the academy, was made secretary of 
the committee as well as of its executive 
committee. At its first meeting the ex- 
ecutive committee set up a number of 
committees that would encompass most 
of the suggestions received from the 
questionnaire.^ 

It was agreed that the academy should 
capitalize upon the manifest interest of 
its membership. Obviously, although 
the half-dozen committees were designed 
to include most of the topics upon which 
action was demanded, some topics were 
almost certain to be sidestepped. There- 
fore the question put to the scientists 
and professional leaders who made up 
the Long Range Committee was: How 
could such a wide diversification of 
ideas be unified into one major objective, 
an objective that would appeal to the 
entire academy membership and at the 
same time capture the imagination of the 
citizens of the state! It was obvious 
from the nature of the topics suggested 
that only a project of wide range could 
elicit the whole-hearted interest of such 
a group of scientists. Further, if the 
aims of the academy were to be achieved, 
the project must have a name with which 
every one is already familiar, a name 
that is of significance in the scientific, 
economic, social and even the romantic 
life of the state. 

few copies of the minutes of this first 
meeting as well as those of the executive com- 
mittee are obtainable from Dr. E. C. L. Miller, 
secretary-treasurer of the academy. 


As every writer knows, finding the 
right name is sometimes as difiSicult as 
writing an article. In our case that 
name was soon forthcoming® — ^The James 
River Project, it should be. Careful in- 
spection of the map of Virginia will show 
that from its westernmost boundary to 
Chesapeake Bay, the James River tran- 
sects all the physiographic provinces of 
the state — the Allegheny Ridges, the 
Great Valley, the Blue Ridge, the Pied- 
mont and the Coastal Plain. Of the one 
hundred counties in Virginia, forty-two 
are either wholly or partially within the 
James River drainage basin. Most of the 
other counties have close association with 
those forty-two. The majority of the 
educational and research institutions of 
the state are located within the forty-two 
counties of the James River Basin. For 
generations the mighty James was the 
principal artery of travel of the state; 
it is renowned in song and story — the 
Old Man River of a state. The river is 
as characteristically Virginian as tobacco 
or peanuts. In this great river we have 
our unifying idea around which to cor- 
relate scientific, sociological and histori- 
cal research. The project is enormous, 
being nothing less than the planned 
study of a large region as a human 
habitat. 

The approach to the problem is essen- 
tially twofold. First, there is to be a 
survey and compilation of what is al- 
ready known about existing conditions 
within the area. Secondly, there will be 
the extension of our knowledge of the 
region together with the scientific im- 
provement of existing conditions.® The 
first phase of the project, which is to be 

^ At the suggestion of Mr. Justus H. Cline, 
of Stuarts Draft, Virginia, and a member of 
the Long Kange Planning Committee. 

oMuch of the material that follows is taken, 
sometimes almost verbatim, from a preliminary 
statement prepared by Dr. Marcellus H. Stow, 
who is chairman of the James River Project. 
A few copies of this statement are available and 
may be procured by writing Dr, Stow at Wash- 
ington and Lee University, Lexington, Virginia. 
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completed during the present year, will 
attempt to answer such questions as: 
What is the present land-use f What is 
the present status of conservation of 
mineral resources, of wild life, of for- 
ests? What are the present conditions 
of education, of public health, of agri- 
culture, of industry ? The second phase, 
which is to be directed toward the scien- 
tific improvement of present conditions, 
is definitely not a reform movement. 
The academy will not attempt to put 
trout in all the mountain streams, but 
by a scientific study will attempt to de- 
termine the conditions under which trout 
thrive. Instead of a campaign denounc- 
ing stream pollution, the academy would 
undertake a scientific study to determine 
exactly what constitutes pollution and 
the means whereby pollution can be 
avoided, to the mutual benefit of all in- 
terests. It is proposed to keep the work 
on a high plane of scientific research, 
not becoming involved in the vagaries 
of politics nor a crusade against ‘‘vested 
interests.’* 

May I again recall that the prelimi- 
nary survey of the opinion of the acad- 
emy members revealed the fact that 
informing the public of the activities of 
the academy was mentioned more often 
than any other item except research. 
This in spite of the inclination of scien- 
tists to pursue the even tenure of their 
way without much regard for what the 
people think about them or their work. 
“Research workers are therefore run- 
ning the risk of becoming isolated from 
the general mass of the population in our 
social order,*' declares Austin H. Clark; 
and, further, “The history of science — 
and the varying status of scientific re- 
search in the different countries of the 
world to-day, show us that scientific 
advance, at least in certain lines, is con- 
ditioned by the attitude toward it on the 
part of the general mass of the popula- 
tion as reflected by their chosen represen- 
tatives.”^ 

7 Austin H. Olark, The Sgientutic Monthly, 
52: 257-260, March, 1941. 


In science we will continue to get new 
facts, new techniques, new principles — 
these things we can take for granted. 
What we can not take for granted is the 
attitude of the people toward the results 
of science. If science is to prosper the 
population as a whole must take an in- 
terest in and appreciate the work done 
by scientists. The people can not be 
asked and will not cooperate just as a 
favor to scientists but must see in scien- 
tific work something of essential value 
to themselves. The Virginia Academy of 
Science is determined to take the people 
of Virginia into its confidence. This is 
partly the reason why the first major 
phase of the present experiment will be 
the publication of a Monograph to be 
entitled “The James River — Past, Pres- 
ent, Future.” This is not being done 
primarily because it is good policy but 
because it is the right thing to do. 

This monograph, which will be a 
quarto volume of around six hundred 
pages, is expected to be published within 
the year. It will obviously be incom- 
plete, but it should direct attention to 
the needed fields of investigation and 
thereby serve as a stimulus for a state- 
wide undertaking to which scientists and 
others can contribute. In addition, it 
should acquaint the non-scientists of the 
state with the work of their state 
academy. 

In the words of Dr. Stow : 

We wish to present a brief history of the 
development of these sciences in Virginia, to 
discuss the contribution that each has made 
toward the improvement of the region as a 
Human Habitat, to present and to indicate 
problems that await initial study or more de- 
tailed scrutiny in order to improve the region 
scientifically, industrially and sociologically. If 
we may borrow a phrase from the biologists, 
we wish to make a study of Human Ecology — 
man’s environment — and to ascertain methods 
of improving it. 

Scientists may well inquire as to the 
reaction of the public to the project. It 
is still too early to gauge accurately such 
reaction, but thus far the results have 
been gratifying. Non-scientists are serv- 
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ing on the various committees. We have 
been fortunate in receiving the coopera- 
tion of men prominent in science and 
industry in the compilation of informa- 
tion for the Monograph. '^We believe 
such a monograph, written by competent 
authorities, will do much toward devel- 
oping and improving the status of 
science, industry, and social conditions 
in the James River Region, and hence in 
Virginia.'' 

‘^Essentially there are two types of 
scientists — one is the fundamental re- 
search man who is interested in learning 
only what happens or what results from 
a given set of conditions; the other is 
one who is interested in the application 
of these fundamentals to the develop- 
ment of processes, methods of manufac- 
ture, or creation of new commodities." 
Both types are essential, but all too fre- 
quently the fields of the two are not 
brought together. It is hoped that the 
James River Project will do much 
toward remedying this situation.® 

« Indicative of this new spirit between science 
and industry it might be mentioned that the 
Virginia Manufacturers Association invited the 
Virginia Academy of Science to participate in 
its annual meeting last October, The academy 
presented a symposium on the subject, “The 
Value of Scientific Bosearch to Virginia Indus- 


Recently in London, England, there 
was held a very signiScant conference 
on ** Science and World Order." Much 
was said at that conference about plan- 
ning for the future but, as one speaker 
remarked, planning can never be more 
than an "administrative convenience" 
until it is brought into direct contact 
with human needs. Science may have to 
reverse certain of its past attitudes. No 
longer can scientists regard themselves 
as "mere consultants sitting in remote 
laboratories," but as active participants 
in the world of affairs. The human 
value of science lies in the moral quality 
of the human purpose directing it. In 
the words of Edwin Markham : 

We are blind until we see 
That in the human plan. 

Nothing is worth the making, if 
It does not make the man. 

Why build these cities glorious 
If man unbuilded goes? 

In vain we build the world unless 
The builder also grows. 


try.“ Participating in this symposium were; 
Dr. W, 8. Calcott, director, Jackson Laboratory, 
E. I. du Pont de Nemours and Company; the 
late Dr. Harrison E. Howe, Editor, Industrial 
and Engineering Chemistry, and Dr. Arthur 
Bevan, Virginia State Geologist. 
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The archeologist is often faced with 
the problem of relating the objects and 
conditions he discovers on an ancient 
site with similar manifestations of pres- 
ent-day life. In many regions this in- 
volves little more than a feet-on-the- 
ground attitude, but in a land such as 
Greece or Cyprus, where there is an 
unbroken cultural tradition from an- 
tiquity to the present day, the problem 
becomes much more important. 

Much has been written, most of it 
polemic in nature, about the degree of 
connection between ancient and modern 
in Greece and the Greek outposts. While 
scholars are gradually coming to an 
agreement, the general public has suf- 
fered from the vociferous protestations 
of certain starry-eyed classicists who feel 
uncomfortable in modern Greece because 
its inhabitants are human, and resent the 
fact that there are not glaring white 
marble statues of the gods on the most 
striking hill-tops. Adherents of this 
school argue that the Greek blood has 
been hopelessly dispersed by repeated in- 
vasions of Goths, Slavs, Franks and 
Turks ; that these invasions have reduced 
the Greek language to a hodge-podge 
which refuses to follow reasonable lin- 
guistic rules; that all intellectual vitality 
and integrity is gone ; and that even the 
supposed survivals of Greek religion are 
merely part of a confusing and disgrace- 
ful body of superstition. 

Fortunately this school has been pub- 
licly discredited by the heroic stand of 
the Greeks in the face of the latest and 
worst of vandal incursions. The public 
is now willing to believe, and the best 
scholars know, that whatever may have 
happened to Greek blood, Greek char- 


acter and intellect have lost nothing, and 
that even the spoken language is no 
further from that of Plato than Plato 
himself was from Homer. 

The course of events during the last 
decade finds parallels in the most glori- 
ous pages of Greek history. In this war, 
as so often in the past, the Greeks were 
torn asunder until almost the last hour 
by political feuds, in which all took part, 
and all appeared to be inviting disaster. 
When, however, disaster appeared, a 
moratorium was declared on personal 
animosities, and the entire populace 
united, even behind a hated dictator, to 
destroy the common enemy. 

The temperamental similarity of the 
modern Greek to his famed ancestors was 
evident even before the war. The school- 
boy whom I once met on the train, who 
was going to Athens to complain to the 
Prime Minister about his village school 
and who undoubtedly saw him and 
argued heatedly, was in the best classi- 
cal tradition. The humor, compounded 
of ribaldry and politics, of a modern 
Athenian musical comedy is amazingly 
like that of Aristophanes. 

General observations of character are 
of use to the field archeologist in more 
ways than one, but by and large he is 
concerned with a different aspect of the 
continuity from antiquity. In many 
cases he will find it difiBcult to determine 
whether an obvious similarity indicates 
a real generic connection or whether it 
is merely a coincidence. 

While excavating in Cyprus among 
the remains of a city which was inhabited 
from 1600 till about 1000 b.c., I was fre- 
quently struck by resemblances in detail 
between the ancient city and the nearby 
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modem village of Episkopi. The gen- 
eral type of construction of at least the 
simpler houses of the ancient city was 
remarkably close to that of the village 
houses of the present day. In both, the 
walls averaged about eighteen inches in 
thickness, and both were built of a super- 
structure of sun-dried brick laid on a 
foundation of rough stones a foot or two 
high. The similarity went even to minor 
details. The bricks were about eighteen 
inches square and five or six inches thick 
in both periods, and both were made with 
a chaff temper. The ancient bricks often 
contain small potsherds and other an- 
cient objects, proof that they were made 
of earth dug within the confines of the 
city rather than at a suitable clay bed in 
the country. At the present time in 
Cyprus some brick is made at factories, 
but most of it is still produced locally in 
the villages. The village brick-makers 
do not have permanent workshops, but 
move around from one spot to another, 
making the bricks for each job sepa- 
rately, and as near to the projected house 
as possible. There is every reason to be- 
lieve that this practice is the same as in 
antiquity. 

In excavating one house of the twelfth 
century b.c., I was puzzled by large 
patches of white clay, pure, save for some 
carbonized vegetable matter, which lay 
directly over the ancient floor. The 
workmen called my attention to the fact 
that this same white clay is used to-day 
in waterproofing earth roofs, and even 
pointed out the only bed in the neigh- 
borhood where the material is obtained. 
Roofs in the modern village are almost 
flat but have a slight slope to one side 
to carry off rain water. They consist of 
beams laid longitudinally across the 
room, over which is placed a layer of 
reeds or matting. This is then covered 
with six to ten inches of ordinary clay, 
and flinally dressed with a thinner layer 
of the white clay. In view of the other 
similarities, it seems not unreasonable 


to suppose that the roofs of the ancient 
houses were much like those described. 
The only difference is that the ancient 
roofs seem to have dispensed with the 
layer of ordinary clay; the white clay 
was apparently placed directly over the 
reeds or mats. 

The ancients kept their water, olive 
oil, wine, grain and many other foods in 
large storage jars. These jars might be 
placed on the floor in the corner of the 
room, or else sunk below the floor with 
only the rim showing. Another system 
of storage, used primarily for grain, was 
to dig a deep hole ip the ground, line it 
with clay, and then light a fire in it 
which baked the clay, thus keeping the 
pit clean, rat-proof and relatively dry. 
Storage jars, similar in both shape and 
use to those of the early city, are found 
in almost every village house in Cyprus, 
and underground clay-lined storage pits 
are still found in at least one town on 
the island. 

More examples might be mentioned, 
but these serve to illustrate the marked 
similarity in conditions in antiquity and 
now. Any one of these might be a coin- 
cidence, for given like needs and like re- 
sources, similar results are probable. In 
this case, however, the large number of 
similarities argues against coincidence. 
We know that this region was occupied 
without any radical break from very 
early times right down to the present 
day. There were several migrations 
from abroad and several foreign con- 
quests, but there is nothing to indicate 
a complete change of population in con- 
nection with any of these. The worst 
disaster which ever befell the city was 
the earthquake in the fourth century 
A.D., as a result of which the classical 
city was abandoned, and the inhabitants 
moved to the site of the present village. 
But even this did not fundamentally 
affect the race and customs of the inhabi- 
tants. There is therefore every reason 
to believe in a direct continuity in the 



80 ‘ THE SCIENTIFIC MONTHLY 


ethnic and cultural traditions of the vil- 
lage. 

If we are correct in assuming that 
there is such a continuity, modern village 
life assumes a new importance for the 
excavator, who may hope to find explana- 
tions of some of his archeological mys- 
teries in the conditions of the present 
day. This does not mean that one can 
assume complete identity, or overlook the 
possibility of gradual, but nonetheless 
profound changes. For example, in 
spite of the similarity in architecture 
and in household appointments, Epis- 
kopi is a relatively humble agricultural 
village, whereas we know that its prede- 
cessor was a large and prosperous city 
and for centuries the capital of a king- 
dom. Among the ancient ruins we have 
found objects in gold and ivory such as 
the modern inhabitants of Episkopi have 
never hoped to own. When, however, 
we find in the excavations enigmatic ob- 
jects of some humble material not men- 
tioned in the text-books, but identical 
with household objects in use in the vil- 
lage to-day, we are perhaps justified in 
assuming that the ancient object served 
the same use as its modem counterpart. 

Perhaps more important, and cer- 
tainly more difficult to trace, than a con- 
tinuous tradition in the use of certain 
artefacts, is a survival of certain prej- 
udices and attitudes. One of the minor 
puzzles of Cypriote archeology is the 
fact that Cyprus continued to produce 
pottery laboriously by hand centuries 
after its neighbors had adopted the use 
of the potter’s wheel. It was long 
thought that this illustrated a Cypriote 
resistance to new ideas. We now know, 
however, that Cyprus did know the pot- 
ter’s wheel by at least 1600 b.c. and used 
it for certain types of wares while it 
continued to produce others by hand. It 
is not until fairly recently that scholars 
have come to realize that there is an 
excellent parallel to this in the island 
to-day, for the most popular type of 


water jar in Cyprus is still made by 
hand. Another peculiarity of Cypriote 
ceramics was the predominance of round 
bottoms on their vai^. Though ring 
bases were known from a fairly early 
date, the stability which these offered 
was not particularly cherished, and the 
round base reigned supreme for cen- 
turies. Most of the water jars, both 
hand- and wheel-made, in use in the 
island to-day have round bases. The 
wheel-made jars are almost identical in 
shape and fabric with jars used there in 
the classical period; the hand-made jars 
practically duplicate a favorite type of 
the third millennium b.c., with a hand- 
buraished red slip and incised decora- 
tion. The shape is also closely paralleled 
in the early period. It would be logical 
to assume that the modern jars are imita- 
tions of ancient vases seen in the museum 
or elsewhere. This is, however, by no 
means certain, for the modem tradition 
appears to go beyond the time when 
archeology might have furnished proto- 
types. 

The fondness for the round bottom 
may have its basis in the native psychol- 
ogy. In the steaming Cypriote summer 
a thirsty man wants his drink in a hurry, 
and a round-bottomed jar is more easily 
tipped. After being refreshed he is per- 
fectly willing to spend ten minutes re- 
balancing the jar, particularly so if he 
is a workman being paid by the hour. 

This article has not posed new prob- 
lems or furnished important new evi- 
dence in favor of a view which is in the 
course of being accepted by scholars. It 
does, however, try to stress the integral 
relation between present conditions and 
those of the more or less remote past. 
Thus not only the archeologist should 
make a careful study of modern village 
life as an aid in his own study of an- 
tiquity, but the classicist who is inclined 
to deprecate the present inhabitants of 
historic lands, should not forget that 
even their heroic ancestors were human. 





BOOKS ON SCIENCE FOR LAYMEN 


DEVELOPMENT OF THE 
VERTEBRATESi 

In this handsome large-octavo volume 
the University of Chicago Press has 
added another masterpiece to its science . 
series. In a little over four hundred 
pages of text and in a remarkably simple 
and understandable way the author has 
told the epic story of the rise and branch- 
ing out of the vertebrates from even 
before Amphioxtts to man. The hun- 
ilreds of illustrations represent the best 
of their kind in line and half-tone. Tliis 
work is distinctly not ‘‘a little of every- 
thing/* but a thoroughly integrated 
mosaic. In the reviewer’s experience no 
other single work has succeeded so bril- 
liantly both in telling the grand story of 
vertebrate evolution and in holding the 
mirror of science up for man to sec him- 
self as part of that story. 

No single human brain could be 
equally familiar at first hand with the 
vast fields of i>aleontology, systematic 
zoology, embryology, physiology, anthro- 
pology, archeology, etc., which have con- 
tributed of their best to this work, and 
the author acknowledges the constant as- 
si8tam*e of his former colleagues at the 
University of Chicago who contributed 
from the material used in their courses; 
nor does he neglect the American Mu- 
seum of Natural History, the New York 
Zoological Society and many other 
sources whose treasures of illustrations 
were freely opened for this work. Joy- 
ful (cooperation and close cheeking of the 
text by the author’s wife and others have 
eliminated errors to such an extent that 
th(^ reviewer succeeded in noting only 
one: t.c., the provisional rec^onstruction 
of Plesianthropiis, opposite page 183, is 

^Man and the Vertebrates, Alfred Sher- 
wood Bonier. Srd edition. Illustrated, viii -f 
405 pp. $4.75. November, 1941. University 
of Chicago Press. 


by Gregory and Heilman, from Broom’s 
specimens. 

The chapter on the frog is a welcome 
relief from the dry-as-dust method of 
the ordinary laboratory manual, partly 
because it treats anatomy and physiology 
together. As its topics are arranged in 
the same order as those in the chapter 
on human anatomy, the student is ad- 
vised to compare the two organisms, 
contrasting their diverse specialization 
for locomotion and noting the many 
other ways in which the frog is more 
primitive than man. 

The chapters on human anatomy and 
anthropology, which take up nearly half 
the book and in which the influence of 
Professor Griffiths Taylor is gratefully 
acknowledged, would form an admirable 
volume even by themselves but gain 
greatly by being connected with the gen- 
eral story and with the sections on the 
mammals, on the origin of the mammals 
and by the (jontrast in the basic physiol- 
ogy and anatomy of the various classes. 

This book must long retain its leader- 
shi}) for general reading, for careful 
study and for perspective in diverse 
branches of biology. 

William K. Gregory 

THE STORY OF MODERN 
CHEMISTRY! 

The chemical world has long needed 
a su(fcessor to B. E. Slosson’s ‘‘Creative 
Chemistry,” the phenomenal success of 
1918, now out of print. This is it — as 
interesting a book on the development 
and present status of the synthetic or- 
ganic chemical industry as any one can 
hope to see. Its swift conversational 
style is almost gossipy in its light touch 
and in its facile portraiture of scores of 

1 This Chemical Age, Williams Haynes. Il- 
lustrated. xxxiii 385 pp. $3.50. 1942. 

Alfred A. Knopf. 
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(*hemi(‘al personalities of the nineteenth 
century and of the present. Yet, quite 
unobtrusively it is packed with facts 
and fipfures on this j?reat industry that 
are authoritative and precious even to 
chemists. 

It is written from the inside, for Wil- 
liams Haynes was for years editor of 
Chemical Industries, knows everybody in 
“the }rame’’ and has himself played a 
prominent part in the meteoric rise of 
the industry since 1914. But it is writ- 
ten from the inside out, as every ^ood 
book should be, for the author knows the 
public as well as he does his colleaf^ues, 
has a journalist \s sense of what the 
reader does not know and wants to. The 
result is a book for business men who 
deal with eliemical materials, for econo- 
mists, lawmakers, and above all Tor the 
youu^ man about to (*hoose a (*areer. 

There are twenty chapters, all in hijrh 
j?ear, a brief bibliojxraphy (which is char- 
acteristically entitled “If You Want 
ilore^’), an excellent glossary and a com- 
plete, 22-page index. The subjects cov- 
ered are : dyes, perfumes, “sulfa-’’ drugs, 
camphor, rubber, petroleum products, 
cellulose, rayon, nylon, plastics and a 
final chapter on war chemicals, including 
toluol, explo.sives, nitrates, potash, in- 
cendiaries, all as of just before Pearl 
Harbor. It will in a few years be a 
])recious re(Hn‘d of just what we started 
with on that day. The sub-title, “The 
Miracle of Man-Made Materials,” is cor- 
rect, except that the full and candid 
treatment of each subject replaces the 
apparent miracle in each case by good 
solid science. The title itself, I regret 
to protest, is too sweeping, for there is 
much more in this (‘Lemical age than 
organic synthesis. Even Slosson’s less 
ambitious title included fertilizers, corn 
products, chemical warfare, the electric 
furnace, metallurgy, radioactivity, nu- 
trition, vegetable oils and fats. To 
justify the title would have required a 
far larger book. 


Most commendable is the fact that the 
“miracles” of industry are not presented 
as spectacular magic but as the logical 
outgrowth of many years of painstaking 
research. The book actually begins with 
Henry C'aveudish and the composition 
of water. The discussion of dyes begins 
not with Perkin but with the story of 
Liebig, way back in 1845, who recom- 
mended A. W. Hofmann for a professor- 
ship at the Royal College of Chemistry, 
and who in turn had a student named 
Tommy Hall, who as instructor at the 
City of London School later discovered 
the precocious lad, Perkin. Then the de- 
tailed story of the work of 18-year-old 
Perkin in Hofmann’s own laboratory 
and his tongue-lashing by Hofmann 
when he left the college for the commer- 
cial development of mauve. Step by 
step the slow fifty-year growth of the 
industry from that day on to (Germany’s 
w’ell-earn(‘d dominance is told. A wealth 
of detail not previously published in 
book form its evidence of enormouKS his- 
torical research. »Sui)plemented by the 
author’s intimate personal know'ledge of 
the events since 1914, this bec'omcs a 
valuable source book for chemists and a 
fascinating biography of the childhood 
and youth of one of the most powerful 
factors in our present civilization. One 
can not but hope that Williams Haynes 
wdll be spared to wTite the history of the 
maturity of his beloved industry during 
the next twenty years. 

Oekau) Wendt 

PSYCHOLOGY AND THE PRACTICE 
OF MEDICINE^ 

In the past generation the science of 
medicine and the resulting rise of spe- 
cialization have sometimes obscured to 
the physician and surgeon the fact that 
the patient is a person instead of a mere 
aggregation of parts. Yet the success- 
ful doctor, whether he admits it or not, 

1 Psychotherapy in Medical Practice. Maurice 
Levine. xiv f 320 pp. $3.60. 1942. The 

Macmillan Company. 
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is a psyc’liiatrist u\ the sense that he deals 
with the patient’s personality as well as 
with his aifeeted organs. Indeed, often 
the organ eoniplaint may be merely the 
manifestation of a psy(?hologieal prob- 
lem ! 

Dr. Levine, an experienced and thor- 
oughly trained j>sychiatrist, presents 
here a clearly, .simi)ly written but eom- 
jirehensive account of how the general 
medical man may avail himself for the 
benefit of his patient of the sim[)le truths 
of psychiatry. Defining psychotherapy 
as therapy by psychologic measures, he 
continues: ‘'By psychologic measures we 
mean that the treatment is done through 
the patient as a whole, not through some 
of the parts «)f Ids body, it means that 
the treatment works through the func- 
tions that are associated with his highest 
integrations, through his speech, his per- 
ceptions, his thinking, his emotions, and 
his relationships with other people and 
other objects. It means treatment ap- 
])lie(l directly to the ‘mind,’ by which 
we mean not a separate entity, but the 
functioning of the person as a human 
being. 

“Psychotherapy includes the direct 
treatment of one person, as a person, by 
another. It includes also the indirect 
treatment of one person by aiiother, 
through the intermediary of other per- 
sons or situations. A rearrangement of 
the patient’s family life by the physician 
is psychotherapy, just as a direct discus- 
sion of problems with the patient, is 
psychotherapy.” Beginidng with a 
chapter on Common Misconceptions 
(such as that heredity is the chief cause 
of psychiatric disorders, that there is a 
sharp difference between “normal” and 
“abnormal,” that psychiatric illness is 
a disgrace, that marriage cures all varie- 


ties of psychiatric disorders, that the 
ideal child is always obedient, for ex- 
ami>Ie), he discus.ses the general Methods 
of Psychotherapy, Methods for the Gen- 
eral Practitioner, Methods for the Spe- 
cialist, Suicide Risks, The Study of 
Psychogeniij Factors, The Choic^e of 
Cases, Sex and Marriage, Basic Atti- 
tudes toward Children, The Problems of 
Parents and Children, and Normality 
and Maturity. 

The volume is so packed with sound 
advice that it can not well be abstracted; 
jierhaps the reader of this review would 
not esi)ccially care for an abstract. Al- 
though the book is designed primarily 
for medical practitioners, it can be read 
with ])rofit by the intelligent layman 
who is interested in psychological medi- 
cine. (kudainly every physicdan in prac- 
ti<‘e will profit by a careful perusal of 
this very useful addition to medical 
literature. 

WiNFRKI) ( >VERIIOLSKR 

A STUDY OF MUSICI 

IIkhk is a com})rehensive textbook for 
stmlents of music, covering musicology, 
defined by the author as “that branch 
of learning which concerns the discovery 
and systematization of knowh‘dge con- 
cerning music.” Jt is well documented 
but has no illustrations. The topics are 
well chosen, but as a text the book will 
not go far except in the hands of the 
teacher who is familiar with sources of 
the materials. The general reader who 
is not a specialist in some field of music- 
ology will see in this book a skeletal out- 
line as sketched by a practical musician. 

Carl E. Seashore 

^ Infrodiiciuin lo M imcolopjj, (Uen Hayden. 
\iii + 32R pp. $4.00 1941. Prcntice-Hall, 

Tnc. 
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THE PROGRESS OF SCIENCE 

CHARLES SCHUCHERT, 1858-1942 


PROBTfissoR Charles Sctiucheht, dis- 
tiuKiiished paleontologist and stratigra- 
pher and foremost authority on i>aleo- 
geography, died on November 20, 1942, 
in New Haven, ('onnectieut, in his 
eighty-fifth year. At the time of his 
death he was seeing through the press the 
second volume of his great synthesis of 
North American stratigraphy, due to ap- 
p(‘ar on December 15 of this year, and 
had nearly finished writing the third and 
final volume with all the eager keenness 
and enthusiasm that were so inspiring to 
those privileged to know him. The 
photograph of Professor Schuchert here 
shown, taken at the age of eighty-two, 
])ortrays remarkably well the man as we 
knew him, deeply respected <aud greatly 
beloved colleague. 

Born in (Cincinnati, Ohio, on July J, 
1858, ho was destined by the circum- 
stance of his environment to make pale- 
ontology his future career. At the age of 
eight his interest was aroused by a fossil 
coral casually given to him. This started 
him collecting the fossils so wond(»rfully 
well preserved in the strata ex])osed in 
the hills of Cincinnati. His parents did 
not encourage him to go into paleontol- 
ogy as a profession; in fact, his father 
often told him that if he paid as much 
attention to the furniture business as he 
did to the gathering of fossils he would 
some day be a rich man. However, as 
Schuchert long afterwards confessed, 
making furniture was hard work, but 
collecting fossils and learning their 
meaning was endless pleasure.’^ His 
father died while the boy was still young, 
and the future i)aleontologist on receiv- 
ing his patrimony of $1,400 spent half 
of it in enlarging his collection of fossils. 

Prom 1885 to 1888 Schuchert w^as 
assistant to Edward O. TTlrich, curator in 
charge of the Cincinnati Sfx'iety of Natu- 
ral History, who was then just beginning 


the car(»er that made him also one of the 
foremost paleontologists of his time. 
From Cirudnnati Schuchert went to Al- 
bany, New York, to become the personal 
assistant of the great master of paleon- 
tology, James Hall, of the Geological 
Survey of New York. Hall, whose appe- 
tite for acquiring collections of fine fos- 
sils was well-nigh insatiable, made the 
apf)ointment contingent upon Schuchert 
bringing with him his brachiopods and 
letting “us have the use of them and his 
knowledge of them.^’ The new assistant 
soon proved highly Tiseful because of his 
great ability and enormous capacity for 
work. During his stay at Albany lie 
became intimately associated with the 
brilliant young paleontologist, John M. 
Clarke. 

Prom Albany Schuchert went to Min- 
neaiiolis, where he served a short time 
on the Geological Survey of Minnesota, 
mainly in preparing a volume on the 
]^rachioi)oda. He then became yirepara- 
tor of fossils for Dr. Charles E. Beecher 
at Yale University. In 1893 he was ap- 
pointed assistant paleontologist on the 
tl. 8. Geological Survey and in 1894 he 
became assistant curator at the U. S. 
National Museum, where he remained 
until 1904. In that year he accepted a 
call to Yale as professor of paleontology 
and curator of the geological collections 
of Peabody Museum and as professor of 
historical geology in the Sheffield Scien- 
tific School, to fill the positions left 
vacant by the death of Charles E. 
Beecher. Here he had to make, as lie 
himself has characterized it, **the some- 
what painful metamorphosis from cura- 
tor to professor.” The metamorphosis, 
though it may have been painful, was 
eminently successful, and he became act- 
ing dean of the Graduate School, 1914 to 
191fi, and chairman of the department of 
geology fi’om 1919 to 1921. 
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On roHchiii^ the age of sixty-five in 
1928, Professor Schuehert deeided that 
in view of the large amount of research 
work he liad in hand he woidd retire 
from his teaching aiul administrative 
duties. Itich in experience, e(juipped 
with ail encyclopedic store of informa- 
tion on his chosen fields, and open to all 
new ideas, Professor Schuehert produced 
during the two decades after his retire- 
ment a gri*at body of work that few 
younger men can hope to accomplish in 
the same span of time. It has been a real 
surprise to many that Professor Bchn- 
chert should liave accomiilished so much 
in his cho.sen scienc'c and attaiin‘d sncli 
preeminence without the benefit of a col- 
lege or university training. Perhaps, as 
has been suggested in somewhat lighter 
vein, he did not have to learn and un- 
learn the theories of ])rofessors. But, as 
David White has said, ‘‘where could a 
student have found mon* satisfying 
courses in Paleozoic ])aleontol()gy than 
under Ulrich, Hall and Clarke, Beecher, 
and Walcott 

Professor Schuehert has ma<le out- 
standing contributions in many branches 
of geology. In his early years his int(‘r- 
ests were almost wholly centered in in- 
vertebrate paleontology and Paleozoic* 
stratigra])hy. His devotion to these sub- 
jects never waned, but as time went on 
liis interests broadeiusl more and more 
to the philosophical aspects of his sci- 
ence. The phylogeiiy of the Brachi- 
opoda, the climates of the geologic jiast, 
the delimitation of the geologic syst^mis, 
the dating of mountain-making move- 
ments and the doctrine of g(*osynclines 
are some of these. Transcending all 
these, however, w'ere his paleogeographic 
studies and the resulting jialeogeo- 
graphic maps, on which are shown the 
distribution of land and sea in the geo- 
logic past. In 1910 he publislied his now 
classic “Paleogeography of North Amer- 
ica,^’ in which were sliown the distribu- 
tion of the seas at fifty successive stages 
in the history of the North American 
continent. These maps were a notable 


advance on all earlier attempts, in that 
far narrower time limits were used than 
ha<l previously been employed; that is, 
the boundaries of the seas were shown as 
they w(*re conceived to liave existed at a 
definite instant (geologically speaking) 
in the history of North America. More- 
over, the eorrc»lations wei*e more ])recise 
than those previously used. Later the 
ma])s were republished in revised and 
improved form. They now number 
nearly 125. To the end of his life, Pro- 
fes.sor Hchuchert kept these maps up-to- 
date by including all new information as 
it cairn* in. Paleogeographic maps of 
other continents w(*re drawn. These 
paleogeographic studi(»s attractive! world- 
wide attention and brought their author 
international fame. A wholly unex- 
pected outcome of the paleogeographic 
maps, gratifying to their author, was 
their wide use by ])elroleum geologists 
in the search for oil. 

Many honors have come to Pj'ofessor 
Schuehert. He was el(*cted to the Na- 
tional Academy of Sciences in 1911. He 
was presid(‘nt of the Paleontological 
Society in 1910 and jiresident of the geo- 
logical Society of America in 1922. The 
degree of LL.l). was conferred on him by 
New York University in 1911, the doifior- 
ate of science by Yale University in 1980 
and the doctorate of science by Harvard 
University in BKlo. The Hayden Gold 
Me<lal was award(‘d to him by the Phila- 
delphia Academy of Natural Sciences in 
1929; the Mary (‘lark Thompson Gold 
Medal by the National Academy of Sci- 
ences in 1934; and in the same year the 
Penrose Medal of the Geological Society 
of America, which is conferred “in 
recognition, of eminent research in inire 
geology’^ and “of outstanding original 
contributions or achievements which 
mark a decided advance in the science of 
geology.'* His eminence was also recog- 
nized by election to honorary member- 
ship in scientific societies in Great 
Britain, Germany, Austria, Kus.sia, Bel- 
gium, Sweden and Norway. 

Adolph Knopf 
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POSTPONEMENT OP THE NEW YORK MEETING OF THE 
AMERICAN ASSOCIATION 


A GREAT meeting: of the assoeiution was 
scliodiiled to be held in New York City 
diiriiifi: the week be<j:inninjr on De<*emher 
28, 1942. Forty-four affiliated societies 
were expectinjx to meet with the associ- 
ation. Plans for more than two hundred 
separate sessions Jiad been nearly com- 
pleted and nearly two thousand ])a])crs 
were beinjr written. The prof?ram was 
])rinted and exhibits were bein^: as- 
sembled. Then, on a recpiest from the 
Office of Defense Transportation, the 
meetinjr was post])()ned. It was not post- 
pon(»d to a definite date, because none 
could be determin<*d with the future de- 
])en<linji‘ on the course of the war and its 
effects upon railway fransjmrtation in 
this (‘ountry. 

Naturally there were disappointments 
at the sudden chan^^e of j)lans. Jhit sci- 
entists realize* that greater thinjrs than 
the holdinjr of a scientific meetiri}? are 



T)R. A. J. DKMPHTEU 

FHOKRSSOH OF PHYSICS, THE UNIVERSITY OF CHI- 
CAGO; ( HAIRMAN OK THE SECTION ON PHYSICS. 


now at stake in the world. The future of 
science, indeed of freedom, is in the 
balance. Under these circumstances 
scientists were willinj? to forego the 
pleasures and advantaj^es of attendinjr 
the meetiiifr and turned their energies to 
the urjrcnt matters of the day. 

Amon»: the {general addresses scheduled 
for delivery at the New York lueetinj^ was 
the retirin*»: address of Dr. Irving Laiif?- 
muir, w'lio was president of the associ- 
ation durin^^ 1941. The subject he had 
chosen for his address was “Science, 
Common Sense and Decency,” a title 
which (*onld not fail to arouse tfie curi- 
osity of all who read it. A second jicucral 
session was to be that at which the annual 
Sijrma Xi adilress was scheduled to he 
(lelivei'ed by Dean John T. Tate, of the 
lTniv(‘rsity of Minnesota. The annual 
I'hi Beta Kappa address was to he de- 
livered by the Honorable Dr. llii Shih, 
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formerly Ambassador from the Chinese 
Government to the Government of the 
United States. 

Finally, addresses were to be delivered 
by the retiring vice-presidents of the 
association ; there is a vice-president for 
each of the fifteen sections under which 
its work is organized and of which they 
are the respective chairmen. Their ad- 
dresses, too, were postponed, but it is 
hoped that arrangements will be made for 
their publication even thougii they can 
not be delivered as planned. The vice- 
presidents are among the most eminent 
scientists in their respective fields and 
their addresses are correspondingly 
worthy of attention. The presidents of 
most of the affiliated societies intending 
to meet with the association were also 
scheduled to deliver their retiring ad- 
dresses, blit their voices were stilled by 
the postponement of the meeting and 
they must deliver them at some local 
meeting or resort to i)iibli(*ation without 
oral presentation. 
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With so many casualties due to an ac- 
tion that came as suddenly as the attack 
on Pearl Harbor, it might be supposed 
that the association and its aifiliated 
societies arc in a state of considerable 
confusion. However, such is not the case. 
Scientists should have, and do have, 
stabilities accpiired from their studies of 
the world of nature about them. They 
do not doubt that present storms will 
pass away and that spring will come 
again. They are sure, similarly, that the 
cold hatretls now hardening the hearts 
of men will eventually melt into the hu- 
man kindness that has existed in every 
age and among every people. They look 
forward with confidence to the time when 
they can work again directly for the 
welfare of all their fellow men. 

Although the view of distant goals 
that science gives maintains the courage, 
the tasks at hand must be carried out 
under existing conditions, and they are 
far ditfer(‘nt from those for whi<*h sci- 
entists long. The demands of war have 
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compelled seiejitists in every field, for 
example, the vice-presidents of the associ- 
ation whose portraits are rei)rodiieed on 
these pajres, to lay aside tlie investijra- 
tions on which they have been enjrajred to 
take up others of immediate and urfrent 
importance. Laboratoritvs have lost 
larj>:ely of their staffs and been jrreatly 
depleted of their e(inij)ment. The rou- 
tines of the lives of individuals hav'e been 
interrupted, hours for rest have been 
<^r(»atly reduc(‘d, r(*creation and relax- 
ation are disappcarinji:, normal home life 
Inis been broken, the leisure for reflec- 
tion that has always been deemed es- 
sential no lon<>:er exists- yet, with very 
few exceptions, scientists hav(* risen to 
new heights of ]n’oductivity under these 
supposedly adverse conditions without 
suffering' any s(»rious ill effects. Perhaps 
many of the luxuries of life are more 
harm fill than beneficial, because the hu- 
man orjianism and the human mind have 
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not yet learned how to use tliem ad- 
vuntajreously, or perhaps have not yet 
ac(|uired a tolerance for them. If this is 
true, science in the near future should 
set new <?oals for attainment, finals that 
on the physical level include hifj^her ideals 
of perfection, «oals that on the intel- 
lectual level include broadiu* acquain- 
tance with nature and man, and {?oals 
that on the moral level make the ap- 
parent interests of the individual in- 
ferior to the int(*rests of the whole. 
Perhaj)s it requires the shocks of war to 
teach what should be obvious, both from 
human history and throujrh reason. 

In spite of present disruptions, scien- 
tists have no fears that the importance of 
science will decline in the world. On the 
contrary, they confident 1\' expect that 
after the close of the war it will have its 
j»*reatest period of activity, and that then 
it will rend(*r its ^r(‘atest s(»rvice to man- 
kind bc'cause careful attention will be 
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p:iv(Mi to (liro<*tin<r it to siicli ends. 8ci- will H«:ain present on its programs speak- 
eiitifie societies, of wliieli there are nearly ers of national and international reputa- 
a thousand -la r^e and small -in the tions, and will hold scores of dilferent 
ITnit(‘d States alone, will inet‘t a^^ain to .sessions for n*ports on explorations into 
dismiss the progress and the ])rohleins nearly every subject of Innnan interest, 
in their res[)eetive fields; the association F. IL Moulton, 

in cooperation with its affiliated societies Pennantiit Srvretary 

ANOTHER STELLAR EXPLOSION 

The brijrhte.st “new^’ star, or nova, Pnppis independently. Such a brijjrlit 
seen for more than a {generation has object will be detected by keen-eyed ob- 
reeently flared n]> in the southern constel- servers in spite of its adverse location 
lation of Pnppis. Professor B. II. Daw- as seen from northern latitudes; for New 
son, of La Plata, Arj^^entina, reimrted his Knjrland the maximum altitude above the 
di.seovery to the Fordoba Ob.servatory, horizon was only about twelve dejrrees 
whence the discovery was immediately around 5 or 6 a.m. 

cabled to Harvard on November 10. By The nova problem is still an outstand- 
November 12 the new .star reached its injr riddle in astronomy. lienee the oe- 
maximum lijrht, at majrnitude 0.5, and eurrenee of an unusually bright nova is 
shone for a day or two as one of the ten of great value because the most powerful 
brightest stars in the entire sky. Many speetrographie eiiuipment may be uti- 
observers, of course, discovered Nova lized in its study. Nova Puppis, how- 
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KEGTON OF NOVA PUPPT8 BEFORE THE OUTBURST 
THE SMALL WHITE ARROW INDlrATES THE POINT WHERE THE NOVA APPEARED. 


over, clornands attention for still anotlier 
reason. It appears to be a hybrid^ inter- 
mediate ill class between the ordinary 
novae and the snpernovae. An inspec- 
tion of older Harvard photojjrraphs taken 
at the South African station reveals no 
trace of a stellar imafre in the position of 
the sky now occupied by Nova Fuppis. 
The nova, therefore, increased in brifrht- 
ness by at least a facdor of a few million 
times, how much more we can not say. 
Ordinary novae flare up in bri{?htness by 
a factor of a hundre<l thousand times, 
more or l(‘ss, while for snpernovae the in- 
crease is not certainly known but may be 
of the order of a luindred million times. 

The lijrht curve of Nova Pnppis, on the 
other baud, is more typical of an or<li- 
uary nova than of a supernova. The 
brijyhtness fell at an averajre rate of 
about a third of a nuifruitude per day for 
the first two weeks after maximum li^ht. 


Mo.st supernova!' decrease in brijyhtness 
more slowly than this, while some novae 
decrease more slowly and others more 
rapidly. In any case. Nova Puppis 
faded below naked-eye brilliancy in early 
December and will continue to fade for 
many months or a few years. Lar^je 
telescopes will probably be recpiired for 
its observation by the time that its lijrht 
becomes constant. The above-mentioned 
ob.servations of bri^rhtness wen* made by 
the American Association of Variable 
Star Observers and compiled by Mr. 
Leon Campbell. 

The explosional velocities shown spec- 
trojrraphieally by Nova Puppis are nor- 
mal for onlinary novae. Professor Dean 
H. MeLaufrhlin, of the University of 
Micliijran, reports expandinjr shells of 
hy<lrojren and ionized iron, titanium and 
maj»:nesium with velocities of the order 
of 500 miles jier second. The expansional 
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NOVA rUPPIS A8 IT APPEARED NEAR ITS MAXIMUM LIGHT 


velocities for siipernovae appear to be of 
the order of 8,000 miles per second. 

From studies of previous novae, such 
as Nova Herculis, which in 1934 became 
nearly as bri« 2 :ht as Nova Puppis, or Nova 
Arpjilae, w’hich in 1918 became even 
brijxhter, we ma^^ visualize the ex]>Iosion 
as follows: for reasons unknown a star 
lik(» the sun in bright ness but not in 
character suddenly blows off its outer 
atmosphere. The expandinj];: ^ases, con- 
sistiufj: of ordinary metals and <rases, re- 
main opaque at a surface temperature 
of some 10,000® K until they have 
traveled the order of the earth's distance 
from the sun. Maximum li^ht occurs 
near this time, only a very few days after 
the outburst. Then the expand! iij? layers 
or shells become increasinjrly transparent 
and rarefied as the total lij;ht falls. At 
the same time the exceed inp:ly hot but 
relatively small nucleus of the star heats 
these rarefied gas(»s and raises them to 


higher stages of ionization until we can 
observe no continuous spectrum but only 
the bright-line spectrum, essentially 
fluorescent as in a planetary nebula. 

Sometimes these tenuous envelopes can 
be seen directly as nebulous clouds mov- 
ing slowly away from the star. Finally, 
after several years, only the faint (but 
hot) star remains visible, apparently in 
its pre-nova condition, little affected by 
the loss of probably a few earth masses 
of material. 

We ma}^ well hope that Nova Puppis, 
whose recently obs(*rved explosion proba- 
bly occurred some thousands of years 
ago, will provide some key as to the cause 
of its outburst. Did the star become 
internally unstable as it radiated away 
its store of energy, or did some external 
mechanism such as a planetary or stellar 
collision set off or produce the explosion? 

Fred L. Whipple 
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NEWTONIA AT BABSON PARK 


Sir Isaac Newton, who was bom on 
Christmas in 1642, lived in London from 
1710 until 1725, two years before his 
death. This was the period of his life in 
w’hieh he was at the heij^ht of his fame 
and the recipient of universal homajjre 
and many honors. His London home 
contained his choicest jiossessiojis — li- 
brary, pictures, medals and numerous 
documents in his own handwTitinjjr. 

Good fortune and the vision and initi- 
ative of Mrs. Kojrer W. Babson have 
secured for America the actual fore 
parlor of Newdon’s London House, to- 
gether with orij?inal books from his li- 
brary, manuscripts, furniture and other 
memorabilia. They are in the library 
of Babson Institute, hx^ated at Babson 
Park, a suburb of Boston. 


The frood fortune consists, in part, of 
the fact that Newton’s house was pre- 
served until 1913 and, in part, of the fact 
that as it was about to be demolished it 
was removed and preserved by Enjrlish 
anticpiarians. Then, in 1937, Mrs. Bab- 
son while on a visit to Enjrland learned 
of its existence and at once purchased 
the fore parlor and arranjfod for its 
removal to its permanent house in the. 
library of Babson Institute, which w^as 
dedicated in October, 1939. This library 
now^ contains all the editions of the works 
of New’ton and their translations, col- 
lected by Mrs. Babson during many 
years of travel and research, ori{j:inal 
books and documents from his library, 
material and memorabilia relating to his 
life and times, and the a<*tua1 room in 



THE KESTORATTON OF THE FORE PARLOR OF NEWTON HOME 

A COPY OP A FAINTING OF NEWTON HY .T. VANDKRBANK HANOH AMOVE THE PIREPl.Al’E. THE DESK, 
CHAIRS AND TABLE ARE EXA<T REFRODC(TIONS OF ONES WHK’Il NEWTON USED. 
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THK HOME OF SIR fSAA(J XEWTON 


which he worked duri njr his r(»sideiice in 
London. 

It is believed that Newton’s house was 
built shortly after the Great London 
Fire in 16b6. The* restoration of the fore 
])arlor contains the orijrinal warm En- 
<rlish ])iin», now mellowed with agre; 
across its tlireshold fell the shadows of 
Halley and Locke and Sir Christopher 
Wren. Here also came Addison and 
Swift and other English and foreijrn men 
of learninjr and letters. Here are faith- 
ful ]*eprodnctions, made from iiiven- 
tories and careful drawin^^s and descrij)- 
tions, of the desk at whi(*h Newton sat 
and corrected the manuscrii)ts of the 
later (editions of the immortal ‘‘Prin- 
ci])ia,” and of other pieces of furjiiture. 
Here are chairs su(*h as those his visitors 
occupied while they discussed with him 
<luestions of science or problems of state. 

Thus into the Babson Institute library 
in the town of Wellesley, located in what 
was the new Enjirland of Newton’s day 
1ms gone this ancient room. At its dedi- 


cation the library came into possession of 
a cultural heirloom which can never be 
duplicated. Its quiet and scholarly walls 
have held the words of famous men of 
one of England’s most brilliant periods. 

Historical societies of individual ad- 
mirers of Newton may set up other 
memorials of Newton. They may bo 
more resplendent, but this venerable 
room enshrines the memories of the last 
days of the gn^atest scientific genius of 
the English people. 

It is particularly significant, there- 
fore, that in this year 1942 when the 
wiiole civilized w^orld is trying to roll 
back the tide of barbarism and savagery 
that threatens to engulf ns, we should 
pause and consider the life of this man 
who was born thre<' hundred years ago. 
He offers us a hope that man can survive 
and go on to greater wisdom and liigher 
things — and offers us that hope at a time 
when the outlook for mankind is dark 
indeed. 

Of the great works of Newton, the 
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NEWTON EXPERIMENTING 

WITH THK COMPOHITION OP LIGHT. 


Babsoii includos nearly all edi- 

tions. It has all the editions of the 
‘‘Prineipia,’^ ineludin^ the scarce second 



NEWTON LAST LONDON RESIDENCE 

AT ST. MARTIN ^8 STREF.T, LEICESTER SQUARE. 


issue of the first edition. One copy of 
the first edition has notes in Newton’s 
haiidwritinjr. There is also a third edi- 
tion with wide margins, specially bound 
in red morocco with hand-tooled gold 
decoration on the cover. This was x>re- 
pared especially by Newton in his latter 
years for presentation to the leading sci- 
entists and mathematicians in England 
and on the Continent. There were only 
twelve copies of this edition and only 



TITLE PAGE, NEWTON'S ‘‘PRINOIPIA" 

PHOIOGRAPIIED PROM A COPY OP THE PIKST EDI- 
TION, PUBLISHED IN 1687, NOW IN THE BABSON 
LIBRARY. 

seven of them are now know^n to be in 
existence. Most of the translations and 
commentaries are in the collection. 

The e’bllection has the edition of 1736 
translated from the original Latin by 
John Colson. It also has the translation 
of 1737 by an unknown translator, and 
the French translation of 1740. It also 
includes Raphson’s ‘^History of Flux- 
ions,” published in London in 1715, in 
Latin. 

All editions of ”Opticks,” both En- 
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glish and Latin, are in the collection ; a 
second edition was in Newton’s library 
and it contains addenda and corrections 
in his handwriting. It also includes 
Coste’s and Marat’s translations into 
French. Included are ‘‘Optic Lectures 
Bead in the Public Schools of the Uni- 
versity of Cambridge” by Newton and 
translated into English from the origi- 
nal Latin in 1728. Papers by Sir Isaac 
printed in the Philosophical Transac- 
tions of the Royal Society of London are 
included. 

Many an American has stood with 


bowed head before the tomb of Newton, 
in Westminster Abbey, where lie buried 
the noblest and greatest English dead, 
and has read with awe and reverence its 
inscription (in free translation from the 
Latin ) , ‘ ‘ Mortals, congratulate your- 
selves that so great a man has lived for 
the honor of the human race.” In the 
library of Babson Institute a much 
larger number of Americans will be in- 
spired by the sight of the very room in 
which Newton lived and worked during 
the most honored years of his life. 

C. J. H. 


IN THE BEGINNING 


Peruaps the most interesting by-prod- 
uct of the theory of the expanding uni- 
verse, a theory which Dr. Hubble has 
discussed from the observational point 
of view in his article appearing in this 
issue, has been the conclusion that the 
physical universe had its origin some two 
billion years ago. This is putting Crea- 
tion back far beyond the period of six 
thousand years in which most good men 
believed until within about two genera- 
tions; and far beyond the fifty or sixty 
million years for the age of the earth as 
the maximum permitted by Lord Kelvin 
and other physicists until this century 
was well on its way. 

The argument for the origin of the 
physical universe about two billion years 
ago is about as follow^s. The spe«*tral 
lines of very distant stellar systems are 
found by observation to be displaced 
from their normal positions toward the 
red end of the spectrum by amounts that 
are proportional to the distances of tlie 
objects from which the light came. Sucli 
displacements of spectral lines would be 
produced by the recession of the sources 
of light relative to the receiver. Hence 
the observed displacements find an expla- 
nation in the theory that the galaxies of 
stars are receding from one another with 


relative velocities that are proportional 
to their distances apart. 

Accepting this as the correct and only 
])ossible exi)lanation of the observations, 
it follows that on looking backward in 
time we find these great aggregations of 
stars progressively nearer and nearer to 
one another, and that about two billion 
years ago these myriads of galaxies, eacli 
consisting of hundreds of millions or bil- 
lions of suns, wen; crowded into a space 
no larger than that now occupied by our 
owm stellar system. Then what? As we 
go backward in time was the space occu- 
pied by the physical universe ever 
smaller and smaller and the average 
density of matter ever greater and 
greater, the former approaching zero amd 
and the latter infinity? No! That path- 
way has not been followed by those who 
have been interested in these phenomena. 
As men have often done in the past, they 
escaped unanswered and unanswerable 
([uestions and secured peace of mind by 
inventing a Beginning, a Creation. 

By this invention peace of mind has 
been secured, but only for a moment and 
at a high ])rice. It has been only for a 
moment because Dr, Hubble, who dis- 
covered the phenomenon we are consider- 
ing, found on a recent and more critical 
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and exhaustive examination of the ob- 
servations on which the bizarre conclu- 
sion of the ^‘explodinf^ universe” was 
based that the data are not exactly in 
harmony wuth the theory that the dis- 
placements in the spectral lines are due 
to velociti(*s of recession that are pro- 
portional to the distances of the radiatinf? 
agi^regations of stars. Unless further 
investij?ations disprove Dr. Hubble’s con- 
clusions, the peace of mind afforded by 
the invention of a Beginninp: is lost. It 
deserves to he lost because it was won at 
the price of ignoring the possibility of 
other explanations of the observed dis- 
placement of the spectral lines of distant 
galaxies. It deserves to be lost because 
scientists need to be taught over and over 
again by experience the lesson that the 
w^iole history of science should teach, 
namely, that they should ahvays be alert 
for many different interpretations of 
phenomena, for finality is never reached. 

There is, in a sense, a complementary 
theory to that of Creation, namely, the 
theory that the universe is doomed to 
final stagnation aifd death. Certainly 
the stars and other luminous bodies are 
pouring their energy out into space at 
the expense of their masses. Although 
the wasting aw’ay of a star’s mass by 
radiation is a very slow process in terms 
of human or even geologiital history, yet 
so far as can be seen at i)resent it goes on 
relentlessly and is never generally re- 
versed. Hence both energy and mass are 
being scattered through the vast abysses 
of intergalaetic sj)ace which light can 


traverse only in millions and hundreds 
of millions of years. As the scattering 
goes on it tak(‘s place ever more and more 
slowly with the result that it will never 
be completed, though that end is always 
being approached. In this respect it is 
different from Creation w^hich, according 
to the theory under consideration, began 
with an explosion of a cosmic scale. It 
should be remarked, however, that if the 
mass of the universe is infinite no eternal 
night need everywdiere follow, though it 
is not easy to show precisely why not. 
Moreover, it is quite likely that open and 
penetrating minds wdll discover many 
other possibilities not now dreamed of. 

It is a strange characteristic of the 
scientist, as w^ell as of the unreflecting, 
that he often, perhaps generally, finds 
comfort in the belief that tb^rc was a 
definite beginning, and often in the belief 
also that there will be an end, of the 
physical universe ; but he clings to a faith 
that there is within him some immortal 
spark that wdll never fade and pass away. 
There have of course been many excep- 
tions; indeed, nearly two thousand years 
ago the Roman poet-philosoi)her Lucre- 
tius, in De Rervm Naturae thus ques- 
tioned this faith, according to the ren- 
dering of Mallock : 

What! Shall the dateless worlds be blown 
Back to the nnremembered and unknown. 

And this frail Thou — this flame of 
yesterday — 

Burn on, forlorn, immortal, and alone t 

P. R. M. 
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RECENT ADVANCES IN OUR KNOWLEDGE 
OF THE VITAMINS 

By Dr. C. A. BLVBHJEM 
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If one examines a present-day chemi- 
cal catalogue the following compounds 
may be listed under the heading of vita- 
mins: vitamin A alcohol, carotene, 
vitamin D,, vitamin D,, o-tocopherol, 
2-methyl-l,4-naphthoquinone, 1-ascorbic 
acid, thiamine hydrochloride, riboflavin, 
nicotinic acid, pyridoxine, calcium panto- 
thenate, choline chloride, crystalline 
biotin, p-aminobenzoic acid, inositol, 
etc. Those who have not followed closely 
the vitamin literature may be surprised 
at this array of compounds and wonder 
how they are related to practical nutri- 
tion. 

In the first place it is evident that 
tremendous advances have been made in 
our knowledge of the chemistry of the 
vitamins since it is not so long ago that 
a crystalline vitamin was a laboratory 
curiosity and an amount of a pure vita- 
min sufiScient to feed a group of rats 
ii&r several weeks cost hundreds of dol- 
T5f8. To-day we think nothing of pur- 
chasing many of the vitamins in good- 
sized bottles or even in kilogram lots. 

Vitamin A alcohol, carotene, vitamin 
D, and vitamin D, are the pure forms of 
the two oldest and best-known fat solu- 
ble vitamins. They are still made from 
natural products, since neither of these 
vitamins is being produced synthetically, 
although considerable progress has been 
made recently in developing methods for 


producing synthetic vitamin A. Much 
of the vitamin A in natural diets is sup- 
plied by milk and milk products and 
green vegetables and for many years 
any supplementary vitamin A was added 
as fish-liver oils. Highly active con- 
centrates of both vitamin A and carotene 
are now used for fortification of foods 
and in vitamin capsules. Vitamin D 
was similarly supplied by fish-liver oils 
but recently refined sterols are activated 
for the production of vitamin D concen- 
trates. The pure preparations are valu- 
able as standards for the determination 
of these vitamins in foods. For many 
years pure beta carotene has been used as 
the standard but it is also important to 
have pure vitamin A available since it is 
now rather definitely established that 
carotene is not assimilated as readily 
from the intestinal tract as the vitamin 
A alcohol. Vitamin D, is used as the 
standard for vitamin D although it is 
well known that in the chick vitamin D» 
is much more active than vitamin D,. In 
the human the difference in activity is 
negligible. This brief discussion of these 
two well-known vitamins brings out a 
fact which is true for most of the vita- 
mins, namely, that several related com- 
pounds may have similar biological ac- 
tion but the degree of their activity 
varies. In the case of vitamin D at least 
10 different compounds are known to 
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have antirachitic properties, but vitamins 
D 2 and Ds are the most important ones. 
It is also interesting to compare the ac- 
tual weight of the compound needed to 
produce the desired effect in the case of 
different vitamins. The human require- 
ments for vitamins A and D are gen- 
erally expressed in International Units 
but on a weight basis 1.5 mg of vitamin 
A or 3 mg of carotene will meet the 
daily vitamin A requirement, while only 
.01 mg of vitamin D is an adequate daily 
intake of this vitamin. 

Alpha-tocopherol is a light yellow 
viscous oil and is now available in syn- 
thetic form as the most potent source of 
vitamin E. Again other tocopherols 
show vitamin E activity, but the alpha 
form is the most active. Although vita- 
min E was first recognized as a vitamin 
essential for normal reproduction in rats, 
it now has a much wider significance. 
As early as 1928 it was observed that 
suckling rats born of mothers which had 
received just enough vitamin E to per- 
mit successful gestation developed a 
characteristic paralysis. Muscle dys- 
trophy has been produced in many dif- 
ferent animals by depriving them of 
their vitamin E intake. The muscle 
dystrophy is accompanied by an in- 
creased excretion of creatine and an in- 
creased rate of oxygen uptake in the 
muscle tissue. The cure of nutritional 
muscular dystrophy in animals is abun- 
dantly proved, but vitamin E therapy 
in neuromuscular diseases in humans has 
not been too successful. The availability 
of alpha-tocopherol will allow more ex- 
tensive study of human cases. At pres- 
ent there is no indication that natural 
diets are low in vitamin E and there- 
fore it has no value in the fortification 
of foods. 

The compound 2-methyl-l,4-naphtho- 
quinone probably does not exist in nature 
as such, but still it shows greater vita- 
min K activity than any of the natural 
forms of this vitamin. The original work 


on vitamin E was quite independant of 
any human disorder. In 1929 Dam 
observed that chicks raised on certain 
artificial diets became anemic, developed 
intramuscular hemorrhages and showed 
a marked increase in the clotting time of 
the blood. He concluded that the disease 
was due to a lack of hitherto unknown 
dietary factor and vitamin K was used 
to designate the factor. During the 
period 1935-1940 assay methods involv- 
ing the chick were developed and vitamin 
Ki and K 2 were isolated and their struc- 
tures established. Almquist first discov- 
ered the vitamin K activity of the simple 
quinone 3-hydroxy-2-methyl-l,4-naphtho- 
quinoiie and later Ansbacher and Pem- 
bolz showed 2-methyl-l,4-naphthoquinone 
to be 3 to 4 times as active in the chick 
assay as vitamin Ki. Both Ki and Ks 
contain the naphthoquinone nucleus but 
a longer side chain makes them soluble 
in fat. The compound, 2-methyl-l,4- 
naphthoquinone, now called Mendione, 
is used as a standard in vitamin E 
assays and in clinical work. Certain 
derivatives of Mendione are now avail- 
able which arc more soluble in water 
than the original compound. It is very 
diflScult to produce a vitamin E de- 
ficiency in mammals or humans by 
dietary means but this vitamin is of 
distinct value in maintaining a normal 
prothrombin level in new born infants 
and in adults with decreased intestinal 
absorption such as obstructive jaundice. 
Under normal conditions there is con- 
siderable synthesis of vitamin E by the 
bacteria of the intestinal tract and there- 
fore the supply of this vitamin in 
normal diet is not as important as in the 
case of other vitamins. 

1-ascorbic acid or vitamin C has the 
distinction of being the first vitamin to be 
produced in synthetic form. The com- 
pound was actually isolated in 1927, 
but five years passed before the biologi- 
cal activity of the compound was recog- 
nized. In 1932 Eing and Waugh dem- 
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onstrated the identity of vitamin C and 
hexuronic acid, now known as ascorbic 
acid. The importance of a specific con- 
fi^ration in a biologically active com- 
pound is clearly illustrated in the case 
of vitamin C, since 1-ascorbic acid is 
highly active but d-ascorbic acid is com- 
pletely inactive. To-day ascorbic acid 
is so readily determined by chemical 
methods that it is diflScult to realize that 
we used to have to rely upon the long and 
tedious guinea pig assay. This vitamin 
is widely used in clinical work but its 
use in fortification programs is rather 
limited, for several reasons. Vitamin C 
is easily and cheaply supplied by fruits 
and vegetables in the diet and it is easily 
destroyed when mixed with many natural 
products. The synthetic material has 
had an interesting application in farm 
practice during the past few years. Al- 
though cattle are able to synthesize suf- 
ficient vitamin C to meet their own re- 
quirements, the amount of synthesis is 
greatly reduced in vitamin A deficiency. 
In such cases the injection of vitamin C 
has had a very beneficial effect on the 
sterility which develops. 

Thiamine hydrochloride is a white 
crystalline substance readily soluble in 
water and possessing a yeastJike odor. 
Due to the well-known efforts of R. R. 
Williams and cooperating manufactur- 
ing chemists this important compound 
may now be purchased at a wholesale 
price of 40 cents per gram. The price is 
of even greater significance when we 
realize that one gram of thiamine is 
sufficient to supply the requirement of 
>ie adult for almost two years. We used 
to teach that the vitamin-carrying foods 
was the costly part of our diet, but this 
most encouraging experience indicates 
that the only limitation in making vita- 
mins readily available to large groups 
of the human population is the original 
identification and isolation of the vita- 
min. 

In foods and in animal tissues thiamine 


occurs both in the free form and as co- 
carboxylase. In this latter form it func- 
tions in the living cell as a coenzyme in 
carbohydrate metabolism. Thiamine 
can be oxidized to thiochrome, which 
shows fiuorescence and the degree of 
fluorescence produced may be used as a 
measure of the amount of thiamine in 
food. This simplified procedure has been 
of the greatest value in establishing the 
thiamine content of common foods. In 
fact, our knowledge of the distribution 
of thiamine in the wheat kernel was very 
limited until this improved method was 
made available. Since almost 90 per 
cent, of the original thiamine in a wheat 
kernel is lost during the milling of the 
patent flour, white flour and bread is now 
being enriched with thiamine to a level 
of 1.6 to 2.5 mg per pound of flour. In 
order to meet this demand and other 
requirements, tons of synthetic thiamine 
are now produced annually in the United 
States. 

It is most encouraging to find ribo- 
flavin listed with the other vitamins, 
since its structure is probably the most 
complex of the water soluble vitamins 
and it still can not be manufactured fast 
enough to meet the demand for it. Its 
addition to enriched flour has been post- 
poned several times by the Federal 
Security Agency because of an insuf- 
ficient supply. In spite of the difficulty 
in producing sufficient quantities the 
price has steadily decreased. Riboflavin 
was first recognized as a component of 
an important respiratory enzyme and 
has since been found to be related to 
several enzyme systems. Its importance 
in human nutrition was not recognized 
until 1938, but since that time signifi- 
cant advances have been made regarding 
the value of th^s vitamin in maintain- 
ing optimum health. This vitamin is 
rather widely distributed in foods, but 
the most reliable sources are milk, meat 
and vegetables. In certain areas of this 
country the consumption of these food 
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products is low enough to allow the de- 
velopment of a riboflavin deficiency. 
The use of pure riboflavin in these areas 
is therefore justified at least as an emer- 
gency measure. 

Nicotinic acid has been available as a 
chemical compound for over fifty years 
but its nutritional significance did not 
become evident until 1937. Nutritional 
workers experienced considerable dif- 
ficulty in studying the anti-pellagra 
factor because a syndrome similar to 
human pellagra could not be produced in 
any of the laboratory animals except the 
dog. In 1937 it was shown that nicotinic 
acid would cure black-tongue in dogs and 
very shortly thereafter the value of this 
compound in the treatment of human 
pellagra was definitely established. It is 
now possible to explain the earlier dif- 
ficulties because the rat does not need 
nicotinic acid preformed in its diet, 
while the dog and the human do require 
this factor. Nicotinic acid is a very 
simple compound and functions in the 
animal body as a constituent of certain 
coenzymes. At first it was necessary to 
depend upon assays with dogs for the 
determination of the nicotinic acid 
content of natural foods, but within the 
past year or two both microbiological 
and chemical methods have been de- 
veloped which are very reliable. Many 
of our natural foods are not rich sources 
of nicotinic acid and diets devoid of 
meat are likely to be deficient in this 
factor. Of the cereals, wheat is the best 
source but like thiamine, about 90 per 
cent, of the nicotinic acid in the original 
kernel is lost during the milling process. 
That is why nicotinic acid or niacin is 
included as one of the ingredients in 
enriched flour and bread. 

During the period 1938 to 1940 two 
additional compounds, namely, pyri- 
doxine and calcium pantothenate, were 
added to the group of B vitamins. The 
earlier work on pyridoxine depended 
upon its ability to prevent a dermatitis 


in rats which was observed during at- 
tempts to produce pellagra in rats. 
Pantothenic acid was recognized as an 
essential factor in the animal through 
work with the chick. To-day we know 
that both of these compounds play an 
important role in the nutrition of a 
variety of animals. There is little doubt 
about the need for these factors in human 
nutrition although specific diseases have 
not been associated with their lack in 
the diet. The reason for this is un- 
doubtedly due to the fact that these two 
factors are widely distributed in natural 
foods and that processing of natural 
foods docs not decrease the amount of 
pyridoxine and pantothenic acid to the 
same extent that thiamine and niacin 
are decreased. 

Choline is another compound that has 
been known by biochemists for many 
years as a constituent of lecithin. Its 
nutritional significance was not recog- 
nized for a long time, but we now know 
that choline is essential in the diet of the 
rat, dog and the chick. Clinical work 
on choline is very limited although re- 
cent studies indicate that it may have 
some value in treating liver cirrhosis. 

If rats or dogs are placed on a purified 
diet consisting of sucrose, casein, a salt 
mixture and a small amount of fat, to- 
gether with the pure vitamins discussed 
thus far, the animals will grow fairly 
well and reproduce. These results have 
led some workers to feel that all the 
known vitamins have been identified. 
However, there are a number of indi- 
cations which suggest the existence of 
other factors. If a little liver or yeast is 
added to the above ration, an improved 
rate of growth is obtained. If a bacteri- 
ostic agent such as sulfaguanidine is 
added, the need for additional vitamins 
can easily be recognized. However, the 
best evidence comes from work with other 
animals. If chicks are fed the above 
ration plus a small amount of purified 
liver extract the animals develop typi- 
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cal dermatitis. This dermatitis can be 
cured by the addition of biotin. 

Biotin was first isolated in 1936 and 
recognized as a growth factor for micro- 
organisms. Later Qyorgy and du 
Vigneaud suggested that biotin was 
identical with the factor which prevented 
egg white injury in rats. We now know 
that under normal conditions sufficient 
biotin is synthesized in the nutritional 
tract of rats to meet their requirement, 
but when raw egg white is added to the 
diet the assimilation of biotin is pre- 
vented. In the chick, however, the syn- 
thesis does not take place to any appreci- 
able extent and biotin must be supplied 
preformed in the diet. In order to pro- 
duce a biotin deficiency in the chick it 
is necessary to supply a small amount of 
liver extract in addition to the purified 
vitamins. If biotin is added to the puri- 
fied vitamins the factor or factors in the 
liver extract can be studied. At present 
these additional factors have not been iso- 
lated but one of the factors is undoubt- 
edly related to a factor named folic acid 
by R. J. Williams which is essential for 
the growth of lactic acid bacteria. When 
folic acid can be supplied in pure form it 
will be possible to study the remaining 
factors in liver extract and yeast. Thus 
tlie chick has proven a very valuable 
laboratory animal in studies on the 
newer vitamins. 

Work with mice has demonstrated the 
importance of inositol for the normal de- 
velopment of this animal. Again ino- 
sitol has been known as a chemical com- 
pound for many years, but its specific 
importance in nutrition was only dem- 
onstrated through the use of the mouse. 
Woolley has shown that inositol may be 
synthesized in the intestinal tract of the 
mouse by certain types of bacteria. 
Thus the requirement of different species 
for inositol may depend upon the degree 
to which this synthesis may occur. 

Another factor which was first recog- 
nized through its effect on bacterial 


growth and which now shows indication 
of a vitamin-like action in animals is 
the rather simple compound, para- 
aminobenzoie acid. It has been iso- 
lated from yeast and is rather widely 
distributed in natural foods. Ans- 
bacher has shown it to have a slight 
promotion of growth in chicks and anti- 
gray hair activity in rats. More recently 
reports have been made that it has a 
positive effect on the pigmentation of 
hair in man. Para-aminobenzoic acid 
has a specific counteracting effect on the 
bacteriostatic action of all the sulfa- 
drugs. 

The guinea pig still fails if fed a puri- 
fied diet containing all the above vita- 
mins. Several natural products must 
be included in the diet before normal 
growth is obtained. There is, therefore, 
ample evidence that we need to continue 
our search for additional factors. 

Prom this brief summary of the known 
vitamins it is evident that at the present 
time the vitamin requirements of man 
can be expressed in chemical terms to a 
greater extent than ever before. This 
fact may lead some individuals to sit 
back with a sense of security and sug- 
gest that nutritional deficiency disease 
will no longer be a problem in this coun- 
try. This reaction is, of course, errone- 
ous since we have only made the first 
.step in eliminating nutritional disorders. 
The synthetic vitamins are merely one 
set of tools for building a firm and last- 
ing foundation for adequate nutrition 
for all. 

To be sure the synthetic vitamins are 
of great value to the clinician who must 
treat extreme cases of vitamin deficiency. 
It is no wonder that medical workers and 
the public in general are enthusiastic 
about the dramatic effects of nicotinic 
acid in pellagra, thiamine in polyneu- 
ritis and related disorders, riboflavin in 
cheilosis, vitamin K in hemorrhagic con- 
ditions, etc. However, the big problem 
for the medical worker is to learn how 
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to diagnose deficiencies especially in their 
early stages when therapy is most valu- 
able. In the last number of ‘‘The Mil- 
bank Memorial Fund Quarterly*’ H. D. 
Kruse summarizes the various manifes- 
tations of nicotinic acid and vitamin C 
deficiencies. More summaries of this 
kind are needed. 

It is the goal of nutrition workers to 
prevent the development of nutritional 
disorders. This can only be accom- 
plished by a thorough knowledge of the 
distribution of the known vitamins in 
natural foods. The availability of the 
pure vitamins as standards has given 
great impetus to extended assays. Work 
of this kind is slow and tedious, but it 
is gratifying to find that the industries 
supplying meat, cereals, milk, fruits and 
vegetables are giving considerable sup- 
port to these projects. 

Lastly the synthetic vitamins may be 
used for the fortification of certain 
foods in order to relieve the wide-spread 
incidence of a specific vitamin deficiency 
in restricted areas of this country. This 
is now possible because of the low cost of 
some of the vitamins such as thiamine 


and niacin. It is futile to compare the 
cost of one vitamin when supplied in the 
form of a natural food and when sup- 
plied in synthetic form because the natu- 
ral food usually carries an appreciable 
amount of all the nutrients, not only 
most of the vitamins, but such compari- 
sons do indicate why it is possible to 
fortify foods under emergency condi- 
tions. For example, 10 mg of nicotinic 
acid may cost 700 times as much when 
purchased in the form of high-priced 
foods as it does when purchased as the 
pure chemical. In spite of these facts 
natural foods have been and will con- 
tinue to be the main source of the vita- 
min in our diet, but enrichment pro- 
grams will play their role in buffering 
sudden changes in the availability of 
natural foods. 

When historians look back on the dec- 
ade 1930-1940 it will be considered a 
period when greatest progress was made 
on the chemistry of vitamins. Let us 
hope that the decade 1940-1950 will be 
considered the period when the most 
sensible application of the available 
knowledge is made. 


A TRUE HUMANIST 


We profoundly hope and earnestly strive for 
a future in which a balanced education may be 
again possible. What all must see is that such 
a balance will not be determined by us alone. 
Our neighbors everywhere on the planet force 
us to take them into account. Their traditions, 
their ideas, their possession and probable use of 
power arc among the permanently inescapable 
forces of life. We can neither wrap ourselves 
up in the past, and disclaim responsibiUty for 
conveying useful truth about the outside world 
to the coming generation nor neglect the past 
in our hurry to find solutions for political and 
social problems too complex to be resolved by 
simple schemes devised by the philosophers. 

From the temple itself comes the assertion 
that the true humanist is one who is a servant 
of his times, using his knowledge as ^ * a weapon 
and an arm not merely a liberal art.'' Preoc- 


cupation with 'Uifo and time and eternity" 
need not exclude consideration of the plainer 
needs of the hour with their high content of the 
practical, the scientific and the political. Even 
in our so-called material civilization science and 
humanism need never be in conflict among cul- 
tivated men. I have no fear whatever that our 
'‘culture" will be destroyed by a scientifically 
implemented war, however prolonged, if we are 
the victors. My only fear is that the lessons of 
this war will bo lost in the fatigues of a post- 
war world in which men may again try to find 
security in provincial simplicities, assumptions 
and slogans, educational and otherwise. Edu- 
cation must be as intense, imaginative and ex- 
perimental as the problems of the future are 
complex and difficult . — Isaiah Bowman in the 
Report of the President, 1941-1942, of the Johns 
Hopkins University. 



STRUCTURE, FUNCTION AND PATTERN IN 
BIOLOGY AND ANTHROPOLOGY 

By Dr. A. L. KROBBER 

PBOFESSOE OP ANTHEOPOLOOY, UNIVEEBITY OF CALIFOENIA 


The concepts of the aspects of struc- 
ture and function are familiar in biol- 
ogy. It is proposed to examine here how 
far the two concepts can and cannot be 
applied properly in anthropology. 

The terms structure and function are 
considerably used in anthropology, but 
with variable meaning. Function espe- 
cially has been employed in so many 
and ambiguous senses that some cultural 
anthropologists, such as Milke, advocate 
its discontinuance. On the contrary, 
Linton has attempted to distinguish the 
form, meaning, use and function of cul- 
tural phenomena. Structure sometimes 
has its common-sense meaning, as when 
we speak of the structure of a canoe. 
Sometimes it emphasizes form; some- 
times organization; as in the term ** so- 
cial structure^’ which is tending to re- 
place “social organization, “ without ap- 
pearing to add either content or empha- 
sis of meaning. 

At bottom, it would seem in biology, 
when the structures of organisms have 
been suflBciently analyzed, they fall into 
certain patterns. These patterns group 
or classify the organisms; and those 
showing the same pattern are considered 
not only similar, but related; that is, 
connected in descent. In short, one sig- 
nificance of .structure is that it yields 
classification by pattern, which in turn 
has genetic or “evolutionary'' signifi- 
cance; in other words, historical signifi- 
cance. This is of course not the only 
significance with which biology is con- 
cerned : physiological biology is occupied 
primarily with the direct interrelation 
of specific structures with specific func- 
tions as they exist, without other than 


incidental attention to how they came 
to be. However, in historical biology 
— comparative mori)hology, systematics, 
paleontology, partly in genetics — opera- 
tions are explicitly or implicitly in terms 
of basic patterns that have historical 
depth. 

Thus the mammalian pattern of denti- 
tion is 44 teeth : 3 incisors, 1 canine, 4 
premolars, 3 molars on each side of each 
jaw; and this pattern — though it may 
be reduced and greatly modified by spe- 
cialization of shape — is not violated ex- 
cept in the case of ancient lines of or- 
ganisms, like the whales, whose total 
structure, as well as total functioning, 
is highly modified. The vertebrate pat- 
tern, at any rate above the fishes, pro- 
vides for a pair of limbs at each end of 
the trunk. When an altered function is 
achieved, like flying, it is by conversion 
of a pair of legs into wings. In the 
bats and certain ancient reptiles, the 
flying surface of the wing is supported 
by a specialization of digital structure. 
In the birds and certain other extinct 
Reptilia, the wing is supported on the 
proximal heavy bones of the limb, with 
loss of its digital portions. But in no 
case has a vertebrate achieved flight 
except by functional — and structural — 
conversion of one of the pairs of limbs 
generally and presumably originally 
serving terrestrial or water locomotion. 
This is in contra.«t to the insects, whose 
basic pattern includes three thoracic 
segments, each provided with a pair of 
jointed legs and two of them with wings 
also. An insect accordingly flies with- 
out giving up any of its legs by con- 
version. Deep-seated as this insect pat- 
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tern is — and it has geological antiquity 
— it is not absolutely basic. The other 
arthropods are wingless but possess more 
than six legs in their patterns: spiders 
eight, crabs ten, other crustaceans, scor- 
pions and centipedes more yet; but al- 
ways with one pair only per segment. 
The insect pattern, therefore, represents 
an important modification of a still more 
ancestral pattern. 

The idea of basic pattern has not been 
wanting in anthropology. Sapir articu- 
lated it most clearly. Language is the 
part of culture which particularly lends 
itself to pattern recognition, because its 
precision of form facilitates analysis. 
However, as a concept or tool, basic pat- 
tern has been used much less, and has 
been formulated less clearly, in anthro- 
pology than in biology. One reason is 
that in culture the tremendously con- 
servative force of organic heredity is not 
operative; at any rate, is obviously not 
the direct or immediately operative fac- 
tor. Cultural patterns therefore tend to 
be short-lived : we may trace them for a 
few thousand years, but not for many 
millions. Moreover, widely divergent 
cultures can and do hybridize; organ- 
isms, only within very narrow limits of 
relationship and descent. There is noth- 
ing in the biologic realm comparable to 
the fusion of Helleno-Koman and Asiatic 
civilizations to produce Christian civili- 
zations; or of Sino- Japanese and Occi- 
dental culture in Japan since 1868. The 
tree of life is eternally branching, and 
never doing anything fundamental but 
branching, except for the dying away of 
branches. The tree of human history, 
on the contrary, is constantly branching 
and at the same time having its branches 
grow together again. Its plan is there- 
fore much more complex and difficult to 
trace. Even its basic patterns can in 
some degree blend ; which is contrary to 
all experience in the merely organic 
realm, where patterns are irreversible in 
proportion as they are fundamental. 


However, granted the relative muta- 
bility, plasticity and ultimate fusibility 
of all patterns in human history, there 
remains no doubt that there are cultural 
patterns which are more basic or primary 
and on the whole older, and others which 
are more superficial, secondary and 
transitory. Obviously, if we wish to 
trace the history of human civilization — 
especially in its preliterate and therefore 
prehistoric phases — it is of the utmost 
importance to recognize the basic pat- 
terns and distinguish them from their 
secondary modifications. The older an- 
thropology, it seems to me — Tylor for 
instance — ^made a deliberate attempt to 
do this. It failed, to a large extent at 
least, because of several related deficien- 
cies. It tended to substitute common 
denominator for true pattern. It syn- 
thesized premat\irely into formulations 
like animism and magic and totem, which 
are part basic pattern indeed, but in 
part only denominator. And, finally, it 
forgot that all recorded history being a 
series of objectively unique events whose 
major significance lies in their organiza- 
tion into distinctive patterns and not in 
ill-defined formulas or generalized de- 
nominations — it forgot that very prob- 
ably the same held of the prehistoric and 
primitive part of the human story. 
True, we also use the word “ formula’ ' 
for mammalian dentition. But the mam- 
malian dentition formula is quantitative ; 
it is entirely precise ; it is highly distinc- 
tive, in fact unique ; and it has, so far as 
the totality of our knowledge allows us 
to judge, authentic historical depth and 
significance. In contrast, a formulation 
like animism or totem has none of these 
qualities, except historical depth, and 
this may prove to be an accidental de- 
nominator; even the historical signifi- 
cance is none too sure, especially for the 
totem. Whereas the relatively mutable 
patterns of culture are more difficult to 
extricate than the relatively stable ones 
of life, the earlier anthropology, even 
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though headed in a sound direction, 
made a premature, superficial synthesis 
— perhaps precisely because of its im- 
maturity as a branch of study. 

The need of more exact and deeper 
analysis was recognized in the next stage 
of our science ; but with it, the synthetic 
impulses faded. A healthy distrust grew 
up for the hazy formulations of the 
earlier generation. If we now used them, 
it was of necessity ; they were crutches, 
no longer goals. We reveled in discov- 
ering the rich diversity of forms which 
culture assumed. We analyzed as care- 
fully as any historian ; but we refrained, 
for a time, from doing any history, from 
probing for time depth and relative 
sequences. We had become shy of the 
sort of findings which our predecessors 
considered historical, or an equivalent 
of historical findings; but we had not 
yet attained to the concept of the basic 
pattern as a tool which inevitably carries 
at least historical implication, if not out- 
right significance. 

In the present stage of anthropology, 
two currents are flowing in opposite 
directions. First, there is a resumption 
of historic interest: analysis is continued 
from the preceding stage, but it is more 
courageously being used for constructive 
historical objectives, with increasing 
recognition of the value of the basic pat- 
tern method. It is important to remem- 
ber that this approach is not wholly phe- 
nomenological and undynamic. After 
all, as a pattern is basic, it is determina- 
tive of its modifications : it sets the frame 
within which change can take place; it 
is one of the factors which jointly pro- 
duce what happens. The charge some- 
times leveled that history is only a series 
of facts, unorganized but for their time 
order and meaningless except in them- 
selves, proves only one thing : that those 
who so hold have, through over-pre- 
occupation with other interests, a blind 
spot for the historic approach, whether 
in biology or in human affairs, and fail 


to recognize the significances which in- 
evitably attach to pattern organizations. 

The other current in contemporary 
anthropology aims at a sort of physiol- 
ogy of culture and society. It is con- 
cerned with extricating process, with 
uncovering dynamics. It comprises 
those who accept the name of functional- 
ist, and the like-minded who insist on 
working with present-day phenomena 
and have little concern with the past. 
They hope to move from the contem- 
porary directly into generalization, per- 
haps into universals. It is true that 
knowledge of living phenomena is in- 
evitably capable of being fuller than 
knowledge of former ones. A physiology 
of cultural and social phenomena is pre- 
sumably possible and would certainly be 
extremely important. The danger is in 
confusing a goal with an attainment. 
And to be ambiguous on this distinction 
is specially tempting to those unduly in- 
terested, for scientists, in personal suc- 
cess. The public at large is unaware of 
the fact that in biologic physiology 
selective experiment with control is the 
essence of method, but that in social 
physiology it is selection alone that is 
chiefly possible, both experiment and 
control being as yet scarcely devised, if 
devisable at all. Also, with the focussing 
on the living, time perspective goes out ; 
and, with this, the best opportunity of 
recognizing the fundamental patterns 
involved. In fact, it would appear that 
the area of which there is immediate con- 
sciousness in cultural and social change 
is the special modifications which are 
taking place at the moment, while con- 
sciousness of the more enduring and 
basic structural features tends to be lost 
sight of — ^both by those desiring to bring 
about change and those interested in 
studying it. It is accordingly no acci- 
dent that Malinowski avowed an anti- 
historical bias ; that Radcliffe-Brown 
admits the historical approach but con- 
fines it to documented data and cites as 
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his exemplars of historical anthropology 
chiefly the precursors of Tylor ; and that 
Warner avoids a quarrel but actually 
considers only recent antecedents, and 
those mainly in order to heighten back- 
ground contrast. 

All the functionalists put unusual em- 
phasis on integration. Either this 
amounts to making explicit what has 
always been taken for granted, or, when 
most rabid, it comes to elevating inte- 
gration into a final principle which 
explains everything and thereby chokes 
off farther inquiry. It is very much as 
if physiologists were to proclaim as their 
ultimate finding: see how the human 
body hangs together! See how har- 
moniously it works 1 

There is of course no valid quarrel 
with a primary interest in function in 
the socio-cultural field, provided such in- 
terest is not stretched into a superiority 
dogma or panacea. It is as one-sided, 
and ultimately sterile, to be exclusively 
preoccupied with structure as with func- 
tion. This has been long since learned 
in biology, and will have to be learned 
in anthropology. 

One concept shared by biology and 
anthropology is that of convergence. 
For instance, the pseudo-vertebrate eye, 
beak, and backbone of the molluscan 
squid. Trees, and again vines, have over 
and over originated independently in 
separate families of plants; so has the 
habit of male and female sex-organs 
being borne separately — alternatively — 
by different plant individuals. Snakes 
move like worms, and whales swim like 
fishes. Flight has been attained sepa- 
rately by insects, reptiles, birds and the 
mammalian bats, not to mention man, if 
we transcend the organic level. Almost 
exactly parallel socialization has been 
attained by the termites, who are de- 
scended from the roach stem, and by the 
ants who are Hymenoptera. There are 
thousands of instances, some of them 
highly special, like the horny forehead 


shields with which access to the burrow 
is blocked both by some toads and by 
some termite warrior castes. 

Now what is characteristic of all or- 
ganic true convergences is that they are 
analogues, not homologues. There is a 
similarity of function, but a dissimilar- 
ity of structure. The dissimilarity is 
usual even in the converged organ or 
organs, invariably present in the total 
structure of the organisms. In short, it 
is because the basic patterns differ that 
the similarity is convergent. The his- 
tories are unlike, the secondary results 
are like; especially as regards function, 
use, and behavior ; though the like results 
need not be superficial or trivial — in fact 
may be accompanied by pervasive modi- 
fications of the organism. 

While we have long recognized con- 
vergence in anthropology, we have 
tended to deal chiefly with limited, spe- 
cific cases in which reasonable proof was 
not too difficult to bring. Probably we 
have been too unsure of fundamental 
pattern structure in the protean field of 
human history to venture to class larger 
phenomena, corresponding to arboreal 
habitus, flying, crawling, socialization, 
either as convergences or as historic pat- 
tern persistences. This is certainly a 
matter in which anthropology is back- 
ward. But it is clear that progress can 
ensue only in the degree that we learn to 
dissociate patterns into basic and deriva- 
tive or modificatory ones. This is ob- 
viously going to be harder in the field of 
culture than it has been in biology; but 
precedent should at least encourage the 
attempt. 

One fact may help. Organic conver- 
gences not only always involve function 
strongly, but their similarities are easily 
recognized ; lay observation, common- 
sense observation suffice to recognize 
trees, flight, socialization, and the like. 
This suggests that long recognized, fre- 
quently recurring phenomena of culture 
are likely to be the ones among which our 
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broad convergences are to be found. As 
examples might be mentioned the clan, 
totem, cross-cousin marriage, the mother- 
in-law taboo, potlatch, feudalism. As 
regards several of these, multiple causa- 
tions and origins have for some time 
been advocated on specific associational 
grounds. Other possible examples are 
taboo, sacrifice, kingship, urbanization, 
writing, navigation, secret societies. 

As a boy I got hold of a popular 
natural history, probably reprinted from 
an original several generations old, 
which classified animals into Schal- 
thiere, such as clams, lobsters, turtles, 
and armadillos; Kriech-thiere which in- 
cluded worms and snakes; and so on. 
The wonder is that such a work was still 
in circulation to come into the home and 
hands of anyone born in the last quarter 
of the nineteenth century. The classifi- 
cation is logical, naive, and essentially 
functional. Shells, it Is true, arc nomi- 
nally structural, but their real likeness 
is confined to their protective and defen- 
sive function. Function, apparently, is 
what the pre-scientific mind first takes 
hold of. Analysis into structure comes 
later, because its implications, its resul- 
tant significances, are not readily visible : 
it tends to pass as aimless antiquarian 
idling. 

Now we have done enough analysis in 
anthropology to have good reason to be- 
lieve that the recurrent phenomena 
which we loosely call feudalism, elans, 
cross-cousin marriage, etc., have poly- 
genetic origins ; and therewith the infer- 
ence is near that they are merely deriva- 
tive and not basic patterns. It seems 
that we might do well to avow this infer- 
ence more explicitly; and at the same 
time search more rigorously for patterns 
that are basic. This is not as easy as 
in biology, where we can at least begin 
by laying a specimen on the table and 
cutting into it with a knife, and then 
bringing up the microscope and reagents 
when needed. If our search were as 
simple as that, anthropologists would 


have got farther than they have. But, 
granted the diflSculties, have we never- 
theless tried as wholeheartedly as we 
might! 

Two endeavors are indispensable in 
such search for basic patterns: analysis 
and comparison. Analyses we do suffi- 
ciently well. For some forty or fifty 
years there has been produced an increas- 
ing number of monographic, analytic 
studies of tribal cultures, sufficiently de- 
tailed in many cases, not always inspira- 
tional, but mostly competent and useful. 
It is in comparison that we hang back; 
perhaps in undue fear that all broadly 
comparative work will suffer the stigma 
of the old comparisons which were de- 
signed to discover universals. When 
modern anthropologists make compara- 
tive studies over a wide range, these tend 
to be limited to items, such as the spear- 
thrower or oil lamps, rather than to 
whole cultures or systems. In all this, 
there is manifest a lack of courage about 
attacking problems that could be labelled 
constructively historical. But are we 
going to be deterred forever because 
there have been simplistic speculators 
who constructed pseudo-histories f 

One criterion will help. With a valid 
basic pattern, its various manifestations 
show a point-for-point correspondence. 
Not that every mammal must have 44 
teeth of four shapes; but such teeth as 
it has must correspond to particular 
ones of the 44; and once they do, the 
greater their modification from the gen- 
eral or original shape — like the ele- 
phant’s incisor tusks and successive 
molars — the more interesting are their 
fit, adaptation, and history. In com- 
parative linguistics, indeed, which is 
historical linguistics, such as Indo-Euro- 
pean, Semitic, Bantu, this insistence on 
point-for-point correspondence has suc- 
cessfully become a cardinal principle of 
method. Culture history is no doubt 
more difficult ; but there is every reason 
to believe that the principle applies. 

Perhaps it is time that I cite some 
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examples of basic patterns in culture. 
They are of course surest where cultures 
have been documented for a considerable 
period. Hebrew-Christian-Mohammedan 
monotheism seems a good illustration; 
and a rich one, if we remember all its 
diversifications into religions, churches 
and sects. We know that the three ^‘re- 
ligions’* are historically connected; they 
are outgrowths of one another. We can 
also define the pattern ; a single deity of 
illimitable power, excluding all others 
except avowed derivatives, and pro- 
claimed by a particular human vessel 
inspired by the deity. If we contrast 
with this the supreme deities of other 
religions, philosophical and primitive, we 
find them invariably lacking one or more 
of the characterizing features — usually 
all three. These other supreme deities, 
accordingly, are analogous convergences 
only. 

Another example is the alphabet, as 
set off from other methods of writing. 
All alphabetic writing — that is, graphic 
symbols denoting the smallest acoustic 
elements of speech, but no symbols of 
other kind — has spread from a single 
origin in Western Asia about three 
thousand years ago. And there is point- 
for-point correspondence in all the mani- 
fold varieties of alphabets, Aleph, beth, 
gimel, daleth, corre.spond to alpha, beta, 
gamma, delta, and to A, B, C, D. Where 
there are changes of shape of letter, or 
of its sound value, or its position, these 
can be accounted for, at least in the over- 
whelming majority of cases, and lead us 
back to the original pattern. For in- 
stance, we know why, how, and when C 
came to replace Q as the third letter in 
our own form of alphabet, and W was 
added. 

Such a pattern, or our monotheistic 
one, is really a system which extends 
across cultures, and not a culture itself. 
It is possible that the same will hold true 
generally for all associations or com- 
plexes of cultural phenomena which fall 


into basic patterns. They represent 
pure inventions, or a series of inventions, 
corresponding more or less to mutations 
or series of mutations in organic nature. 
The word mutation is here used not in 
any specific sense which it may have in 
genetics with reference to a particular 
mechanism but as a generic label to in- 
dicate any radical, drastic, or significant 
change in hereditary type. 

By contrast, systems of writing like 
the Egyptian, Cuneiform, Chinese do not 
share any point-for-point correspondence 
either with the alphabet or with one 
another ; neither in the shape, value, nor 
order of their characters. So far as they 
are similar — in being pictographic and 
ideographic and syllabic — they are alike 
only in general function, not in specific 
structure ; and they represent analogical 
convergences. What they have in com- 
mon, such as the tendency to represent 
the sounds of speech by a sort of pun- 
ning — the rebus method — and the ten- 
dency to deal with syllables rather than 
elemental sounds, is due presumably to 
psychological factors of the human in- 
herited constitution, and therefore really 
outside the level of culture as such. Just 
so, certain generic features common to 
organisms which share say an arboreal 
habitus, or a swimming or flying one, 
are conditioned by mechanical factors to 
which the organisms adapt themselves. 

When it comes to the material or tech- 
nological aspects of culture, physico- 
chemical factors similarly impinge on 
culture. That bronze is composed of 
copper and tin, and that it is harder and 
casts better than either metal alone, are 
physico-chemical facts. Consequently, 
the mere fact that ancient Mesopotamia, 
China, and Peru made bronze is of no 
relevance to the problem of whether 
their bronze arts belong to the same or 
different patterns ; that is, whether they 
are genetically connected or separated. 
That must be determined from specific 
cultural features, such as non-compul- 
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sory techniques in the metallurgical 
process, the forms cast, and the like. 
With these features considered, it be- 
comes highly probable that Mesopo- 
tamian bronze and Chinese bronze are 
slightly variant manifestations of one 
pattern, but ancient Peruvian bronze 
represents a separate pattern and origin. 
For instance, Mesopotamia and China 
used bronze for swords and for ritual 
vases or other vessels ; Peru did not. 

Plow agriculture constitutes another 
example of a basic pattern. This pattern 
comprises at least three essential fea- 
tures : the plow itself ; animals to draw 
it, which of course must be domesti- 
cated ; and food plants of such a nature, 
like barley, wheat, millet, that they can 
be profitably grown only by broadcast 
sowing, which in turn involves fields of 
at least fair size, as compared with gar- 
dens. Still other features have become 
associated, such as the use of the dung 
of the animals as fertilizer. The plow 
is generally considered to have been an 
unrepeated invention, whose precise 
time, place, and circumstances we do not 
know, though it took place in the last 
Stone Age and probably in or near south- 
western Asia, and spread along with 
cattle, with barley and associated plants, 
and usually with manuring, to all those 
parts of Europe, Asia, and Africa in 
which it was used in 1500. Native 
America also evolved a highly developed 
system of agriculture on which we of 
to-day have drawn for important loans. 
But native American agriculture be- 
longed to a radically different pattern. 
It did not know the plow. It did not 
use draft animals, though it had domes- 
ticated ones like the llama. It did not 
sow broadcast but planted by hand and 
cultivated in hillocks. It totally lacked 
wheat, barley and their associates, sub- 
stituting for them a series of others of 
which maize was the most wide-spread 
and principal. And it either did not 
fertilize at all or it used fish. It has 


therefore long been the conclusion of 
conservative, non-speculative students 
that New World agriculture had an 
origin and a history entirely separate at 
least from Old World plow agriculture. 
In short, we have two patterns and two 
histories. 

Agriculture as such I would not call 
a pattern, but rather a common denomi- 
nator. Numerous primitive peoples in 
Africa, Asia and Oceania farmed, plant- 
ing with hoes or digging-sticks, without 
using associated animals, and raising 
root-crops, fruits, and even some cereals 
like rice or sorghum. We are not able 
to aflarm whether all this farming or gar- 
dening had a single origin or several. It 
is probable that plow agriculture repre- 
sents an ‘^invention-mutation’^ added to 
some phase or other of this more primi- 
tive gardening. But we cannot say at 
present to which phase, any more than 
we know whether the phases were his- 
torically connected or independent devel- 
opments. In brief, plow agriculture is a 
specific phenomenon, or set of associated 
phenomena, like mammalian dentition; 
whereas agriculture is rather a generali- 
zation, or concept, logically definable 
indeed, but rather too vague, variable or 
amorphous to serve as a solid foundation 
for a scientific structure; just as con- 
cepts like shellfish or arboreal habitus or 
aereal locomotion have proved unservice- 
able for primary scientific classification. 

A given trait may form a critical part 
of a pattern in one situation, but have 
low pattern value in others. Teeth, for 
instance, have less diagnostic and classi- 
ficatory significance in the lower verte- 
brates and invertebrates than in the 
mammals. The same holds in the field of 
culture; for instance as regards “dichot- 
omized” social structure or moiety or- 
ganization. In native Australia moieties 
are almost universal, and in New Guinea 
and Melanesia they are frequent. They 
basically determine marriage and de- 
scent; whom one may not marry, whom 
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one must marry. In Australia there is 
redichotomization into four sections, and 
even re-redichotomization into eight sub- 
sections. Belated to this plan is the fact 
that all human beings with whom one 
has dealings are considered kin — are 
made into kin, if necessary — and put 
into one or the other moiety. This whole 
organization, often very elaborate, is 
superimposed on one of another type; 
the small local horde, autonomous and 
owning a territory, all its members in- 
terrelated through male descent, and 
therefore unable to marry horde mem- 
bers. The two plans of organization do 
not conflict but supplement each other. 
The moiety is international, as the native 
sees it, and therefore makes for success- 
ful amities and bonds outside, while not 
interfering with the subsistential and 
familial solidarity of the horde. This 
Australian scheme is very distinctive — 
infinitely varied in minor detail, but 
remarkably constant in underlying pat- 
tern. 

Now moieties occur also in all other 
continents, but sporadically, by contrast. 
They occur often among peoples who are 
not living in hordes, and who do not 
insist on classifying everyone as a kins- 
man. Sometimes they are exogamous, 
occasionally endogamous, sometimes not 
connected with marriage or descent at 
all, but with ritual or games or govern- 
ment. All these other social dichotomi- 
zations in Asia, Africa and the Americas 
do not reduce to a consistent pattern; 
and their geographical distribution is 
tantalizingly spotty, instead of continu- 
ous. They are therefore justly regarded 
as having had a number of origins, sepa- 
rate in circumstances as well as in time 
and place, and with separate and differ- 
ent growths. Such similarities as they 
present, to one another and to Austra- 
lian moieties, are therefore superficial 
and of the order of convergences. 

There may well be in the nature of the 
human mind a deeply implanted ten- 


dency to construe and organize its world 
in terms of duality, bipolarity, and di- 
chotomization, and this inclination may 
lie at the root of all moieties, in Australia 
and elsewhere. But even if there exists 
such a tendency, it is a psychological 
fact. It is only a condition of culture, 
not a phenomenon of it. On the cultural 
level, there remains the difference that in 
the Australian area the psychological 
trend toward dichotomization has been 
channeled into consistent, wide-spread, 
influential and probably ancient expres- 
sion in a pattern of social structure, but 
elsewhere the same trend has entered 
only into local, intermittent, and secon- 
dary patterns. 

These examples from the religious, in- 
tellectual, technological, economic and 
social fields may sufiBce to illustrate what 
is meant by fundamental patterns of 
culture. It is clear that they are some- 
thing different from Benedict's ‘‘Pat- 
terns of Culture. These latter are 
psychological orientations of societies 
comparable to personality orientations 
or attitudes, such as paranoid, megalo- 
manic, Apollonian, etc. When strongly 
developed, they are also influential, but 
selectively, and on the slant of a given 
culture, whereas the basic patterns here 
discussed operate constructively and 
often cross-culturally. In the Benedict 
approach, a pattern is a psychic constel- 
lation molding the typical personality of 
a society by imparting a certain warp to 
that society’s culture. The basic pat- 
terns referred to in the present essay 
are the more pervasive and permanent 
forms assumed by cultural content, and 
tend to spread from one society and 
culture to others. In short, basic pat- 
terns are nexuses of culture traits which 
have assumed a definite and coherent 
structure, which function successfully, 
and which acquire major historic weight 
and persistence. 

Returning to the biological analogy, 
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we must distinguish where the pattern 
parallel holds and where it does not hold. 
A particular culture is not comparable 
to a species, even though the members 
of any one society are given, by their 
common culture, a certain likeness of be- 
havior somewhat comparable outwardly 
to the likeness of the members of one 
species. (The mechanisms which pro- 
duce the likeness are of course quite dif- 
ferent.) A culture is always, so far as 
we can judge, highly composite in the 
origin of its constituent materials. As 
I have said before, the branches of the 
tree of human culture are always grow- 
ing together again. It is a commonplace 
that in our American civilization we 
speak a Germanic language shaped in 
England with the absorption of a larger 
Latin content, have a Palestinian re- 
ligion, cat bread and meat of plants and 
animals probably first domesticated in 
or near Western Asia with additions 
from tropical America, drink coffee from 
Abyssinia and tea from China, write and 
read these words with letters originating 
in Phoenicia, added to in Greece, given 
their present shape in Rome, and first 
printed in Germany ; and so on. There 
is no reason to believe that any living 
culture is less intricately hybrid. There- 
with the analogy between cultures and 
species breaks down. Rather, it is eco- 
logical aggregates to which cultures can 


be compared: local associations of spe- 
cies of diverse origin. Certainly the 
larger faunal and fioral regions, like the 
Palaearctic, Neotropical, Indo-Oriental, 
Ethiopian, Australo-Papuan, correspond 
strikingly, even in part to geographic 
coincidence, with the generally accepted 
major cultural regions; and there are 
parallels in retardation, specialization, 
and expansive productivity of new 
forms. 

All this suggests that the nearest coun- 
terpart of the organic species in the field 
of culture is the culture trait and not the 
culture entity or culture. It is the spe- 
cies that is repetitive in its individuals ; 
the trait that is repetitive in its exem- 
plars — in the thousands of automobiles 
or stone axes manufactured according to 
one model or form, in the word or gram- 
matical construction that is uttered over 
and over again. It is related species or 
genera or families or orders, that have 
persistent structural patterns in com- 
mon; and it is among the traits that 
belong to one field of culture — such as 
writing, belief in deities, agriculture— 
that the persistent fundamental patterns 
of culture grow up. It would be easy to 
stretch the analogy too far; but within 
due limits it would seem to have utility 
in stimulating reflective inquiry, espe- 
cially as regards the historical aspects of 
organic and super-organic phenomena. 



THEY GAVE LIFE TO BONES 

By CLAYTON HOAGLAND 

IDITOBUIi DKPABTMKHT, The 8«n, NKW TOBK OITT 


Therb lived in Philadelphia just a 
century ago a small boy whose interest 
in nature and science developed when 
he was very young. It was expressed 
in notes and drawings in his journal, 
and in little sketches he made to illus* 
trate his letters with pictures of birds 
and reptiles. One day in 1846, when 
this boy was not yet seven, he was 
brought to a natural history museum 
that had been founded by Charles Will- 
son Peale, soldier in the Revolutionary 
War and portrait painter. There the 
boy saw the mounted skeleton of an 
Eocene sea monster, the Zeuglodon. It 
is easy to imagine his awe as he beheld 
this exhibit, for it consisted of the bones 
of several skeletons strung together to 
the grotesque length of 114 feet I 

Years later, when Edward Drinker 
Cope had become one of the foremost 
American paleontologists, the memory of 
this skeleton may well have amused him. 
As he had a lively imagination to the 
end of his days, the boyhood fancies 
aroused by sight of the monster he saw 
in the museum must have been wonder- 
ful indeed. Now, Cope’s imagination 
was of the greatest value to paleontology. 
By using it he blew more than a breath 
of life into restorations of dinosaurs and 
other ancient creatures that were first 
arousing a great deal of public interest 
half a century ago. Before Cope died in 
1897 he told a journalist friend, William 
H. Ballou, and the animal artist, Charles 
B. Knight, his conclusions as to the 
movements and habits of various Meso- 
zoic animals over whose fossil remains 
he had spent years of exacting study. 

We shall return to what Cope did for 
vertebrate paleontology, but it is well to 
recall here that his life spanned a period 


which began in the childhood of Ameri- 
can fossil collecting, and which reached 
its peak in the early years of the twen- 
tieth century. By then a vast amount 
of knowledge had been organized, a 
number of amazing fossil skeletons had 
been found. It was by then possible for 
artists to model and to picture numerous 
extinct creatures realistically. By means 
of well-designed museum exhibits, and 
through books illustrated by Charles 
Knight, R. Bruce Horsfall, Erwin S. 
Christman and a few others, the public 
has learned to think of the great saurians, 
and other ancient reptiles and mammals, 
as living creatures, rather than as so 
many bones wired together and mounted 
on platforms, or in glass cases. The 
story of that difficult art is interwoven 
with the chronicle of fossil hunting in 
the United States for more than seventy- 
five years.* 

What Cope, Joseph Leidy and 0. C. 
Marsh did for paleontology was, as we 
know, pioneering, for these three estab- 
lished the science in America. Blunder- 
ing efforts made in the years before they 
lived had advanced paleontology in this 
country only very slowly. Until well 
into the nineteenth century little was 
accomplished in finding and restoring 
fossil animals here. Few men seemed 
any more enlightened than in the days 

1 For valnable advice on collecting material 
for thia article the author is grateful to Dr. 
George Pinkley, associate curator of compara- 
tive anatomy of the American Museum of Nat- 
ural History; for information on Mr. Knight 
and Mr. Christman he acknowledges the help of 
Mr. Knight himself, of the late Dr. Walter 
Granger of the Am^can Museum of Natural 
History, and of Erwin H. Christman, son of the 
artist. Mr. Horsfall and Mr. Allen were coop- 
erative in providing information on their work. 
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when a difecovery of the bones of a big 
vertebrate appeared to confirm the belief 
that human giants once lived on earth. 

Among the most remarkable of all the 
early attempts to promote scientific in- 
terest in fossil creatures was that 
museum in Philadelphia visited by the 
boy (Jope. He saw it fifty years after 
it had been established by Charles Will- 
son Peale. Wiien Peale had been a suc- 
cessful portrait jia inter for twenty years 
he installed in a large room in his house 
fossils he had collected, and various natu- 
ral s})ecimens he had received from 
friends. This collection was later moved 
to a hall in the building occupied by the 
Philosophical Society, and in 1802 


moved to the State House, which had 
been vacated by the Legislature. The 
first board of directors of this museum, 
as formed in 1792, included Alexander 
Hamilton, James Madison and Robert 
Morris. One of the active members of 
the institution was George Washington.* 
It is important in our story, for there 
apparently it was that art and paleontol- 
ogy ill America were first married. 

The elder Peale sensed to an extraordi- 
nary degree the need for public instruc- 
tion in natural history. He was the first 
American artist who was successful in 
catching popular interest in authentic 

2 * * Peale ’a Museum ^ ^ by Harold Sellers Col- 
ton. Popular Science^ September, 1909. 



Municipal Museum, Baltimore 


EXHUMATION OF THE MASTODON 

A PAINTING BY CHARLES WILLSON PEALE DATED 1806, IN THE MRS. HARRY WHITE COLLECTION. 
THIS ARTIST, A SOLDIER AND SCIENTIST, EXCAVATED PROM PEAT BOGS NEAR NEWBURGH, NEW YORK, 
BONES FROM WHICH HE RECONSTRUCTED TWO SKELETONS. IN AN ACCOUNT OF THE FIND HIS SON 
REMBRANDT WROTE : * * TWENTY-FIVE HANDS, AT HIGH WAGES, WERE ALMOST CONSTANTLY EMPLOYED 
AT WORK SO UNCOMFORTABLE AND SEVERE, THAT NOTHING BUT THEIR ANXIETY TO SEE THE HEAD, 
AND PARTICULARLY THE UNDER JAW, COULD HAVE KEPT UP THEIR RESOLUTION.’* 
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Peabody Museum 

CRETACEOITH TOOTHED BIRD 


A ORAWma BY FREDERICK BERQER, REPRESENTING 
ONE OF 0. C. MARKII’b MOST FAMOUS RESTORA- 
TIONS, PUBLISHED IN THE EARLY 1880 ’S. THE 
BIRD STOOD LESS THAN A FOOT HIGH. 

restorations of fossil animals. It seems 
likely he was amon^ the first to think of 
exhibiting natural history specimens be- 
fore correctly painted landscapes and 
in appropriate foregrounds. For the 
mounted quadrupeds in his museum he 
carved ^vooden skeletons, over which 
skin could be stretched — stupendous 
labor,” he wrote, ” originating from and 
affected hy an enthusiastic desire of ex- 
hibiting a series of real forms as they 
exist in nature. ...” 

Peale went so far as to display paint- 
ings in the hall where he mounted the 
skeleton of a mastodon. This fossil he 
and his son Rembrandt had uncovered in 
1801, at considerable cost, from marl pits 
near Newburgh, New York. Writing of 
the exhibit, Rembrandt Peale — errone- 
ously describinlT it as the remains of a 
mammoth — told how two complete skele- 


tons had been fashioned from the ex- 
cavated bones of three animals. “Noth- 
ing is imaginary,” he wrote, “and what 
we do not unquestionably know we leave 
deficient.” 

In the Municipal Museum of Balti- 
more is a painting by Peale, done in 
1806, of the scene of the excavation for 
the mastodon bones. It depicts a huge 
pump drawing water from the pit, and 
among the throng on the brink stand 
Peale and his son, holding a U^e draw- 
ing of certain bones already Uncovered. 
The elder Peale died in 1827. Ilis mu- 
seum survived another nineteen years; 
shortly after little Edward Cope’s visit 
to it in 1846 the institution was closed 
for lack of support, and its collections 
w’ere sold at auction. 



Bet t man Archive 


MODEL ROOM, CRYSTAL PALACE 

IN THIS LONDON WORKSHOP IN THE EARLY 1850 *S 
WATERHOUSE HAWKINS FASHIONED, LARGELY 
FROM IMAGINATION, MONSTROUS RESTORATIONS 
OP VARIOUS PREHISTORIC REPTILES IN < * LIVING * * 
ATTITUDES. THIS PICTURE APPEARED IN THE 

Illustrated London News. 
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About 1840, the year Cope was born, 
another Philadelphian, also destined to 
become an outstanding American scien- 
tist, entered the University of Pennsyl- 
vania. Joseph Leidy had studied art 
and had painted sipis for a livelihood 
before he turned to medicine, anatomy 
and paleontolojry. His treatise ‘*On the 
Fossil Horse of America’^ was published 
when he was but twenty-four. Osborn 
wrote of him 

Twelve years bc'fore Darwin brought forth the 
“Origin of Speeiea’* this young man was be- 
ginning to assemble a mass of data whicli would 
have been of value to the great British natural- 
ist. As shown by Professor Scott, f William 
Berryman 8eottJ he was tracing the aiieostral 
lineage of the horse, the camel, the rhinoceros, 
the tapir family, the titanotheres, and last, but 
not least, the anatomical forebears of man. 



Prnhodu Afuf<Cum 
EARLY RESTORATIONS 


A SKKTCH OF A SMALL DINOSAUR AND OF WINGED 
AND MARINE REPTILES, PAINTED ABOUT SIXTY 
YEARS AGO BY ARTHUR LAKES, AMATEUR PALEON- 
TOLOGIST AND ASSISTANT TO MARSH IN THE FIELD 
AND AT YALE UNIVERSITY. (“0. U. MARSH: PIO- 
NEER IN PALEONTOLOGY, “ C. 8CHUCHERT AND C. 
M. LE VENE. YALE UNIVERSITY PRESS.) 


s “ Impressions of Great Naturalists, “ by 
Henry Fairfield Osborn, Scribner % 1924. 




COPE'S “DAWN EMPEROR “ 

A SKETCH FROM A LETTER BY EDWARD DRINKER 
COPE, DATED JANUARY 12, 1873, OP THE KO- 
IIASILEUS OF WYOMING, WHICH HE THEN DE- 
SCRIBED AS A PROBOSCIDEAN. OF THE UPPER 
SKETCH HE WROTE THAT THE CREATURE 
“WALKED WITH THE KNEE FAR BELOW THE BODY 
AS ELEPHANTS DO, ' ' AND THAT ‘ ‘ THE HORNS AND 
HEAD ARE RATHER TOO LARGE." (“COPK: MAS- 
TER NATURALIST" BY HENRY FAIRFIELD OSBORN^ 
PRINCETON UNIVERSITY PRESS.) 

Tt was Dr. Tjeidy who described in 
exact detail the ehelonian and mam- 
malian fossils from Wisconsin, Iowa and 
Wyoming? collected in the 1840*s by Dr. 
Hiram Prout and David Owen. Leidy 's; 
research produced fi^reat blocks of those 
basic data on whu h the artists working* 
for paleontology have devised realistic 
paintings and sculptures of prehistoric 
animals. 

The science long remained a mystery 
to the public, however. In 1869 ap- 
peared Leidy ’s master work on the ex- 
tinct mammalian fauna of North Dakota 
and Nebraska ; yet not for another quar- 
ter of a century was any successful at- 
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tempt made to translate into truly life- 
like pictures and popular accounts the 
information compiled during? the busy 
period of fossil hunting that began in 
Leidy^s time. 

In England, however, something was 
done, about 1854, that amused a few 
paleontologists while it probably enraged 
others. Waterhouse Hawkins, a sculp- 
tor, made models of several prehistoric 
creatures for an exhibit in the Crystal 
Palace in London. Authentic restora- 
tions were then scarce, for few’ complete 
skeletons had been found, so this sculptor 
let his imagination be carried aw’ay by 
images evoked by the names of the ani- 



CKETACEOUS ‘^HORNED LTZART^^ 

A PRNCU- SKKTCn II Y (’OPE OP A PAIE-HORNKD 
CERATOPSIAN IS INSCRIIIED ‘^TTIE HORNED LIZARD 
AGATIIAUMCS SILVISSTIUS (COPE) 2/5x15 FEET. 
FOREST AND JUNGLE.^’ (‘‘COPE; MASTER NATU- 
RALIST^^ BY HENRY FAIRFIELD OSBORN. PRINCE- 
TON I^NIVERSITY PRESS.) 

mals.* Working on a scale he believed 
to be life size, he depicted a Megalo- 
batrachus as a giant frog, and modeled 
a Trachodon Avitli a head like a huge 
iguana. 

When 0. C. Marsh, the paleontologist, 
saw these models in 1895 he wrote of 
them C* The dinosaurs seem . . . to have 
suffered much from both their enemies 
and their friends. Many of them w^ere 
destroyed and dismembered long ago by 

^ *^Maa and His Creations,*^ by F. A. Lucas, 
Natural History, Vol, xxvi, May-June, 1926. 


their natural enemies, but, more recently, 
their friends have done them further 
injustice in putting together their scat- 
tered remains and restoring them to sup- 
posed life-like forms. ... So far as I 
can judge, there is nothing like unto 
them in the heavens, or on the earth, or 
in the w’aters under the earth. . . 

Twenty years after Haw’kins had 
modeled his monsters for London he was 
invited to do sculptures for the celebra- 
tion in Philadelphia of the centenary of 
the Declaration of Independence. The 
secretary of the Smithsonian Institution 
sought Marshes opinion of the project. 
That eminent scientist replied by letter 
in December, 1875, and this is what he 
wTote : 

I do not believe it possible? nt present to make 
rt*storationH of nny of the more iii^Hant ex- 
tinct animals of this country that wiij tie of real 
value to science, or to the public. In a few cases 
wliere the material exists for a restoration of 
the skeleton alone, these materials have not yet 
been worked out with sufficient care to make? 
such a n^storation j)erf('ctly satisfactory, and to 
go beyond this w’ould in my judgment almost 
certainly end in serious mistakes. Where the 
skeleton, ('tc., is only partially known the danger 
of error is of course much greater, and I think 
it would be v(?ry unwise to attempt restoration, 
as error in a case of this kind is very difficult 
to eradicate from the public mind, the old 
restoration of Jiubyrinthodon (with frog-like 
body) still continues to ajipoar in popular sci- 
entific books. ... A few years hence wo shall 
certainly have the material for some good res- 
torations of our wonderful extinct animals, but 
the time is not yet.« 

The prediction wiiich closes this letter 
WHS fulfilled, as we know. But danger 
of error did not deter those in Philadel- 
phia in 1875 wdio were sold on the Haw- 
kins sculptures. That ambitious artist 
did fiually make a plaster model of 
Cope’s dinosaur Hadrosaurus for the 
Exposition. The secretary of the Smith- 
sonian later was able to watch this dis- 

5 * ' O. C. Marsh ; Pioneer in Paleontology, * ’ 
by Charles Schuchert and Clara M. Le Vene; 
Yale TTnivorsity Press, 1940. 

« Op. cit; (Schuebert and Le Vene’s ‘‘O. C. 

Marsh »»)• 



** ** ^ 

Amerirnn MuHPum of Satural Hintory 

TRAPPED IN THE TAR POOLS 

TUK MURAL HY KNIGHT DKI'K’TS A('UIIRATELY TllK 8TRUG0LKS OP PRKIIISTORir CREATURES CAUGHT 
IN THE RANCHO-LA-RREA PITCH POOLS OP LOS ANGELES, CALIPORNIA. A SABER TOOTH TIGER HERE 
ATTAi'KS THREE GIANT GROUND SLOTHS (MEGATHERIUM). THE PAINTING ADORNS A WALL OP THE 
AMERICAN MUSEUM OF NATURAL HISTORY. 
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((^ Field .UiiHPum uf \atural History 
CKETACKOUS REPTILES OF THE SEA 


A MORASACR SKELETON TWENTY NINE FEET LONG, FOUND IN KANSAS, WAS DESCRIBED BY OSBORN 
AND ILLUSTRATED BY KNICIIIT IN ScifHCC IN DEI’KMBEK, 1899. THIS MURAL SHOWING A MOSASAUR 
ATTACK ON ARCHELON (PTERANODONS FLYING ABOVE) WAS PAINTED THIRTY YEARS LATER. 


inte<rrate on its base outside the National 
Museuin under tiie assaults ol* more than 
a deeadc of Washington weather. 

Of course, the proKres.s of fossil resto- 
ration has since shown the soundness of 
Marsh’s opinion. Ilis dourness, his sus- 
picion of anythinj^ pseudo-scientific, was 
fittinjr in a temperament that earned for 
him at the Century Club the nickname 
of “the frreat ilismal swamp.” He was 
more than the head of the division of 
v(*rtebrate paleontolofry of the II. S. Geo- 
logical Purvey — more than the distin- 
jjuished professor of Yale; he became 
leader in tlie art of makinjr lifelike 
re.storations of the skeletal remains of 
toothed birds, swimminjjr and flyinj? rep- 
tiles and other extinct creatures of the 
earth. When the Peabody Museum in 
1876 exhibited part of Marsh’s collection 
of vertebrates, there was shown a papier- 
mache model of the dinoeeras Mirabile, 
constructed from remains found in Wyo- 
minfif. 

It was about that time that the dino- 
saurs were attractin" international at- 
tention. Many have doubtless heard of 
the lonp: and bitter rivalry of Marsh and 
Cope. Iti^ijasted throuj?h a period when 
many fo^il hunters were collectinj^ in 
western (Inited States; when Yale, 
Princeton and the American Museum of 
Natural History were receiving quan- 


tities of priceless material, later to be 
assembled and depicted, in full vitality, 
by artists who drew and modeled with 
scientific precision, under the critical 
eyes of paleontoloprists. 

Most of the drawinf?s of bones and 
skeletons that illustrated Marsh’s pub- 
li(*ations were made by Frederick Berjxer, 
who .served as artist at the Peabody Mu- 
seum from 1875 until well into the 
1890 ’s. But perhaps the most talented 
of Marsh’s assistants was Arthur Tiakes. 
Here was an artist who also had field 
experience col lectin*? bones in Colorado 
and other re^ion.s, as well as laboratory 
training at Yale, where for a time he 
helped strinj? fossil remains into articu- 
lated skeletons. He was an Engrlish 
clergyman, enp:aj?ed in the 1870 ’s as 
teacher in Golden City, Colorado. There 
he made several notable discoveries of 
fossils, and not only produced scale 
drawin{?s of bones as they were exca- 
vated, but worked in water color. He 
was amonpr the first artists to make re- 
liable restorations of prehistoric reptiles 
as they appeared in life. 

It was Edward D. Cope, however, who 
was one of the first to study the bones of 
the dinosaurs that were unearthed in the 
West. His excavations in the marl pits 
of New Jersey in 1866 had attracted 
scientific attention. He had brou{?ht to 
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IN ‘‘before the dawn of history,'* knight described the hcge but harmless megatherium 
AS LIVING until COMPARATIVELY RECENT TIMES ON THE PLAINS OF SOUTH AMERICA. COMPARE 
THESE MUKAli FIOITRES WITH SKELETON SHOWN ON PAGE 130 . 


li^ht remains of carnivorous dinosaurs, 
includinj? the leapinjr monster, Lachtps 
aquilumjuis. In 187.‘^ he had made rest(»- 
ratious of the Eobasileus, or Dawn Km- 
l)eror of Wyomiiifr, and three years later 
du^ from Montana rock and soil th(‘ fos- 
sil skeleton of a j^iant flat-tailed Plesio- 
saur, ElasmosauruH platyurus^ with its 
snaky neck. This reptile Knijrht de- 
f)i(ded years later, hearinj? from Cope 
himself a description of the animal and 
an account of its submarine habits. 

Cope’s own restorations, in his sketches, 
now seem (*rude, but in the 1870 ’s they 
were unique. Here was a jj:reat author- 
ity on prehistoric life, toilinj»: day after 
day to assemble the bones of a dinosaur; 
then, after months of taxing? labor, put- 
tinjr down his conception of the creature 
as it ])robably was in life. Tt was in a 
letter of January, 1878, that he made 
one of his first sketches of the Wyoming 
“Dawn Emperor,” then classified as a 
probiscidean. He marked the sketch, 
“The horns and head are rather too 
larfre. ...” Another important resto- 
ration, done about 1878, was Cope's 
drawing? on brown wrappiiijr paper of 
an amphibious lizard, the inscription 
^riving its length as 75 feet — the Camara- 
sauriis supremtis (Cope). Later restora- 
tions corrected the shortness of the legs. 

Not till 1897, however, did Cope meet 


Knight, anil soon after was assured that 
this skilled artist could translate into 
terrifyingly real forms the conceptions 
developed in d(»cades of scientific study. 
To his wife in March, 1897, Cope wrote: 

Piofessor 08!K>ni was here .vc'sterday and 
spent a good deaJ of the afternoon, and we liad 
a pleasant talk. He in going to call on the Now 
York surgeon who attends my case and learn 
what he can. Mr. Knight, the artist for the 
Century Magazine, has been here a couple of 
days, and is getting figures of Naosaurus, 
Luelaps, Klasuiosaurus, Agathauiniis, (/amara- 
sauriis, and other saurians. He is very original 
in attitudes. 7 

Three weeks later Cope died. Marsh 
lived but two years longer. Leidy had 
pas.se<l on in 1891. Hut the work of all 
three had laid a vast foundation for the 
ai*t that was to make fossils live. 

Osborn, in his “Impressions of Oreat 
Naturalists,” made an enlightening ref- 
erence to Cope’s labors, which preceded 
by many years some of Knight’s restora- 
tions ; 

Asa ])ionocr in exploration among these giant 
animals he was obliged lo draw his conclusions 
largely from fragincntnry and imperfect mate- 
rials, leaving the field open to Professor Marsh’s 
more exhaustive explorations, which were sup- 
ported by tho government. Yet Professor Cope 
illuminated the incomplete fragments with his 
reasoning and his fertile imagination. When a 

7 * * Cope : Master Naturalist, ’ ’ by Henry Fair- 
field Osborn, Princeton University Press. 
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© Field Mutteum of Natural History 
ARMORED JURASSIC MONSTER 

THIS RESTORATION OF THE DINOSAFR STEflOSAIIRUS, 'WHICH IS IN A MURAL DONE FOR THE FIELD 
MUSEUM OF NATITRAL HISTORY BY CHARLES R. KNIOHT, IS ONE OF A SERIES OF TWENTY-EIGHT LARGE 
PAINTINGS WHICH REQUIRED FIVE YEARS FOR COMPLETION. 
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bone come into his huiids, IiIh lirst stop was to 
turn it over and over, to comprehend its form 
thoroughly, and to compare it with its nearest 
ally, then to throw out a conjecture as to its uses 
and its relation to the life economy of the 
animal. . . . Ills conclusions as to the habits and 
modes of locomotion of these animals, often so 
grotesque as to excite laughter, were suggestive 
revivals from the vast deeps of time of the mus- 
cular and nervous life which once impelled the 
mighty bones. It is fortunate that some of this 
imaginative history has Iwen writtcm down by 
Mr. Ballou and that, although physically en- 
feebled by a mortal illness. Professor Cope in his 
last days was able to convey to Mr. Knight, the 
artist, his impressions of how these ancient 
saurians lived and moved. 

Years elapsed, as we know, between 
the excavation of fossil bones and the 


begun to set up in the museum exhibits 
of fossil animals in life-like poses. While 
in New York in 1896 Professor Schuchert 
of Yale saw the skeleton of a brontothere 
mounted by Adam Ilermauii in accord- 
ance with Osborn’s ideas. When the 
method was proposed to G. Browne 
Goode, then director of the National Mu- 
seum in Washington, however, Schuch- 
ert was informed, in somewhat contemp- 
tuous tones, that he had not seen fine 
paleontology in New York, but fine art.® 
In Wasliington, as in many other mu- 
seums, the collections of skeletons of 
fossil vertebrates were left on the shelves 
for the exclusive sight of paleontologists 



SCULPTURES OF THE FOUR-TOED HORSE 

THESE GRACEFUL MODFXS OF EOIIIPPUS, A LOWER KOC’F.NK CREATURE ONLY A FOOT UlOH AT THE 
SHOULDER, WERE MADE BY CHARLES R. KNIGHT FOR THE AMERICAN MUSEUM OF NATURAL HISTORY. 


restorations in realistic form by painters 
and sculptors working from skeletons. 
Yet it WHS this, finally, which helped to 
arouse wide public*, interest in prehistoric 
animals. How, to that end, the Ameri- 
can Museum of Natural History created 
more dramatic exhibits is a story too long 
to tell here. Some of it may bo briefly 
indicated, as the emiiloyinent of artists 
was part of an organized effort to inform 
the public of advances in natural history. 
Thrust upon art suddenly were greater 
opportunities than were ever before pos- 
sible to interpret the science of paleontol- 
ogy for the lay public. 

Early in the 1890 ’s Dr. Osborn bad 


— until the movement promoted by Os- 
born siiread. 

Many technical books, as well as works 
of popular science published in the early 
1900 ’s, however, were more excitingly 
illustrated than any that bad been pub- 
lished in the previous two decades. 
When Cope’s ^‘Batrachia and Reptilia 
(Extinct) of North America” was pub- 
lished in 1869, it was illustrated almost 
entirely with drawings of bones, the 
main plates being done by Edwin Shep- 
pard. This was not a book for the public, 
it was true; yet even serious students of 

“ O C. Marnh : Pioneer in Paleontology, * * by 
Schuchert and Le Vene, Yale University Press. 






© Field Mumpiim of Satural Hintory 
PH0(^ES8I0N OF WOOLLY MAMMOTHS 


KKlflHT PAINTED PICTURES AND MADE MODELS OF LIVING ELEPHANTS AS WELL AS STUDIES OF PRE- 
HISTORIC SKELETONS, AND EXAMINED LE MOUSTIKR C’AVE DRAWINGS AT LEH EYZIES, FRANC K, DONE 

BY CRO-MAGNON ARTISTS. 

science could welcome such a work as The frontpiece rei)rodiiced a paintinfr of 
Frederick A. Lucas’s “Animals before the (Ireat Horned Dinosaur by Knipht, 
Man in North America — Their Lives and and there were realistic drawiiifrs of 
Times,’’ published in 1902 by Appleton, friant crustaceans, titanotheres and mas- 



GIANT WOLVK8 AND 8ABKK-TOOTHED TIGER 
PIOHTINO OVBR THE CARCASS OP A MAMMOTH IN A PLEISTOCENE TAB POOL IN SOUTHERN CALIPOBNIA: 
A RESTORATION ON CANVAS BY ROBERT BRUCE HORSFALL. (* * IaAND MAMMALS IN THE WESTERN 
HEMISPHERE*’ BY WILLIAM BERRYMAN SCOTT. MA('MILLAN COMPANY.) 
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todons by Gleeson, Kiii[2:ht and others. 
These restorations were in addition, of 
eourse, to photof^raphs and diaj^rams of 
skeletons and parts of the creatures dis- 
cussed. Osborn’s ‘‘The Ap:e of Mam- 
mals in Europe, Asia and North Amer- 
ica,” issued in 1910, included a preface 
in which the author explained: 

The reader who finds it difficult to picture the 
rare and ancient forma of rnaminals has to thank 


Marsh had begun as early as 1877, dur- 
ing Osborn’s student days at Princeton, 
when he and William Berryman Scott 
went fossil hunting in Colorado. For 
fifteen years, in field work, teaching and 
laboratory research, he had been accumu- 
lating experience for the opportunity 
that enabled him to present dramatically 
the story of what science had learned of 
the great ancient reptiles, and of the 



COMBAT OVER MEKYCOIDODON 

nORHPALL HERE DEPICTS “FALSE” SAHKR-TOOTll TIGER, OR NIMRAVIS, AND TRCE SABER-TOOTH, OR 
ECSMILCS. PAINTED FOR SCOTT’S “LAND MAMMALS IN THE WESTERN HEMISPHERE.’^ 


that gifted artist of the life of the extinct world, 
Mr. Charles R. Knight, for the series of restora- 
tions drawn under my personal direction, which 
are brouglit together for the fir.st time in this 
volume. It is always to be understood that such 
restorations represent hypotheses merely, or ap- 
proximations to the truth. 

This volume was also illustrated by 
several fine drawings by Erwin S. 
Christman, of whom we shall tell later. 

It was in 1891 that Osborn opened his 
department of mammalian paleontology 
at the American Museum of Natural 
History. His relations with Cope and 


forebears of the horse, the rhinoceros and 
the elephant. His influence on the edu- 
cational policies of natural history mu- 
seums in this country is still to be ex- 
celled. 

Before Cope dieil the American Mu- 
seum bought his collection. Osborn sent 
William Diller Matthew to Philadelphia 
in 1895 to catalogue and pack the mass 
of fossil material. In the next few years 
Matthew was able to exercise “a keen 
interest in the problems that were con- 
stantly being raised in the attempts to 
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mount fossil skeletons in lifelike poses/’* 
These problems ‘‘were to be solved only 
by . carefully correlated studies on the 
postures and skeletons of living: ani- 
mals.” The work went forward for 
a while under Osborn’s brilliant first 
assistant. Dr. Jacob L. Wortman. These 
restorations of the bones of extinct ani- 
mals provided the sculptors and painters 
at the museum with abundant material 
for models and pictures that were vividly 
realistic, as well as accurate. In turn, 
the artists helped the museum to desiprn 
better exhibits. 

Before this art was fully developed 
there were certain important ventures 
ill illustrated journalism, to arouse in- 
terest and inform the public wdth au- 
thoritative accounts of what was recently 
discovered about the reptiles and mam- 
mals of the earth’s remote past. The 

» William K. Grcjfory in Natural Uistory, 
N ovcin bor-I)(*cembcr, 1 9,30. 


achievements of paleontologists in this 
country had at last become ripe for 
popular consumption. What Marsh had 
said in 1875 was no longer true: It was 
now possible to present good restorations 
of most of the important extinct animals 
of the United States. 

IMarsh himself was long opposed to 
mounting fossil specimens from his col- 
lection for public display. At the end 
of 1895 he published on a large sheet a 
dozen illustrations of skeletons of dino- 
saurs, but this was by no means a gesture 
toward popular science. Some of the 
monthly magazines took up the subject, 
devoting many pag|80 to lively articles, 
and to illustratiiQpfi ■ tfiat theji seemed 
.sensational, buf^^!fliat w^re scientifically 
made. In a fe^?years there was an amaz- 
ing in(*rease in popular interest in pre- 
historic creatures. 

In the Century Magazine for Septem- 
ber, 1896, was an article by Osborn 



American Atiieeum of Natural History 
THE OLIGOCENE BRONTOPS AND EOTITANOP8 


LirZ SlZR HEADS OP TITANOTHERES WERE INSTALLED IN THE AMERICAN MUSEUM OF NATURAL HIS- 
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entitled ‘‘Prehistoric^ Quadrupeds oi* the 
Rockies.’’ The author described the 
ancient animals in detail. Effectively 
he dranialized the life and habits of 
the jrreat four-toed TTintathere of the 
Bridj^er region of southern Wyoming 
and TUah ; the Mesonyx, largest of the 
carnivores; the four-toed horse of 
Wasatcli Lake in tlie Hig Horn Moun- 
tains of Wyoming; the Titanotheres of 
tlie South Dakota T^ake Basin; the 
Metamynodon, or a({uatic rhino, and 
other creatures until then unheard of by 
most readers of the (\ ntur\f. 

In this article it W’as made clear that 
every one of tin* animals illustrated had 
been restored in skeleton form after 
many years of hard work, both in the 
field and in the workshops of Yale, 
Princeton and the American Museum of 
Natural History. Osborn includcMl a 
lively description of fossil hunting. The 
article was illustrated with n‘produe- 
tions of nine paintings by Charles R. 
Knight. 

Soon after Cope died in 1897 the CV n- 
iurif carried another arti(*le by Osborn 
on the great naturalist, with illustrations 
by Knight of leaping dinosaurs and 
fin-backed lizards. In the same issue 
was William Hosea Ballou’s article, 
“Strange (h'eatures of the PasI,’’ also 
illustrated by Kjiight with six paiiiting.s. 
Here was described Cope’s method of 
examining the skeletons of saurians of 
the Triassic, eTurassic and Cretaceous 
eras, Ballou explaining: “During sev- 
eral months preceding his [Cope’s] 
death his original and interesting views 
upon these animals, and his ingenious 
speculations regarding their habits, were 
imparted to the writer.” Another of 
Ballou’s articles appeared in the June, 
1898, Popular Science Monthly. En- 
titled “The Serpentlike Sea Saurians,” 
it was illustrated with a full-page draw- 
ing by J. Carter Beard, as well as with 
pen drawings by Cope, Marsh and Wil- 
liston. The Beard illustration was 
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crude and unrealistic in showing “the 
Great Cretaceous Ocean” filled with very 
animated Mosasaurs, marine turtles, 
bulldog fish and a Plesiosaur, from resto- 
rations by Williston and Case. Ballou 
wrote sensationally of the Mososaurs, in 
a style later used for Sunday supplement 
articles that may have (*aused nightmares 
among readers of Mr. Hearst’s New 
York American. 

When the Hall of Natural History was 
formally opened at Trinity College in 
Hartford, Conn., at the end of 1900, Dr. 
Osborn delivered there a popular lecture 
on the recent progress of V(»rtebrate 
paleontology in America. He declared, 
“The true modern spirit in which to 
study a fossil vertebrate is to imagine it 
as living, moving, walking, swimming or 
flying, begetting its kind. ...” Hewimt 
on to say that it 'was possible to study a 
fossil as “thinking,” — ^as fearing its 
enemies and devising means of escape — 
for the organs of sight and smell had 
been studied as part of “fossil psychol- 
ogy.” He explained that one of the 
great advances of recent work consisted 
“in the fact that we have secured com- 
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plete skeletons in the place of fragmen- 
tary parts/ 

That statement of forty years ago, 
with its emphasis on the psychology of 
animals, may serve to reveal to present- 
day readers one secret of the effective- 
ness of the art then first employed to 
interpret paleontology to the people. 
This art was believable as well as excit- 
ing, for fossil material had been amassed 
in quantities. Besides, scientists made 
new restorations whenever new knowl- 
edge radically modified their first con- 
ceptions. It was in this spirit that the 
American Museum of Natural History, 
from the time of Osborn’s efforts to at- 
tract public attention to the discoveries 
of paleontologists, employed Knight, 
Horsfall, Christman and several other 
artists. 

Knight began by sketching live ani- 
mals as a hobby. He studied animal 
anatomy in the taxidermist shop of the 
museum while he was working as a de- 
signer for J. and R. Lamb of New York, 

January 11, 1901. 


makers of stained glass. He was born in 
Brooklyn in 1874, attended Brooklyn 
Polytechnic Institute, and studied at the 
Art Students League. In his book, '^Be- 
fore the Dawn of History, he men* 
tions the incident that opened for him 
the career he has followed for forty-eight 
years. One day in 1894 Dr. Jacob 
Wortman of the American Museum 
asked Knight to make a small water 
color of the Elotherium. From varioua 
complete skeletons and skulls the artist 
made a restoration that was satisfactory. 
He believes that his principal equipment 
for .such work from the beginning was 
his “intense love of and interest in the 
forms and attitudes of living animals. 
He has frequently said that no artist 
can put life into drawings and paintings 
of extinct animals unless he knows some- 
thing of the life, attitudes and psychol- 
ogy of living creatures. 

Working under the supervision of Os- 
born, Wortman, Matthew and others at 
the museum, Knight helped devise a 
Whittlesey House, 1935. 
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method of making: pictorial rc‘construc- 
tiona from the inside out. In three or 
four years his application to this work 
produced remarkable results. He had 
illustrated books and magazine stories in 
the early 1890\s, but from the time he 
bej 2 :an drawing? and painting? for paleon- 
tology he developed an acute sense of 
the vitality of the ancient creatures he 
depicted. It was his primary purjiose to 
impart life to his restorations, so that 
fossil mammals and reptiles would be- 
come almost as familiar as modern horses 
and do^s to all who saw his models or 
pictures. 

In the sprinjJT of 1808 the museum is- 
sued a catalogue of casts, models and 
photojyraphs of restorations of fossil ver- 
tebrates. Reviewinjy this in Science, 
Osborn referred to ‘‘the difficulty of 
arousinj^ interest and spreading accurate 
information amon^ a very large cluas of 
inquisitive but wholly uninformed peo- 
ple.’’ To overcome this difficulty mem- 
bers of the Department of Vertebrate 
Paleontology of the museum had made 
special studies of methods of holding the 
interest of visitors to the museum. One 
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result was the exhibition with fossils of 
the series of water colors by Knight. 
Several of the creatures illustrated in 
the catalogue of casts were those whose 
movements were describcnl to Knight by 
Cope. Among these was, of course, the 
leaping dinosaur. Knight’s model was 
based on the fragmentary skeleton in 
the Cope collection, and on restorations 
by Marsh of the allied form, Cerato- 
saurus. 

It was the artist’s practice to make 
first a number of models in wm in ac- 
cordance with the proportions and mus- 
cular indications of the skeleton. From 
evidence at hand he was able to draw 
conclusions about the feeding habits of 
the animal, and its attitudes, as shown 
by the positions of the joints and the 
angles of feet and limbs. Then, to get 
the .solidity of three dimensions on 
paper, and to reproduce shadows of the 
animals on the ground, the models were 
placed in sunlight, and the paintings 
made from them. It was when Osborn 
decided the wax models themselves were 
worth preserving that casts were made 
and a catalogue issued. Colleges, scien- 
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tific s(fhools and individual students 
could thus obtain material for study. 
The ori}j:inal sculptures and paintinjrs 
were a jifift to the museum from J. Pier- 
l)out Morjjan. 

By early summer of 1898 Kni{?lit had 
made about twenty water colors and a 
number of models, and had lie^run 
others. The artistes realistic poses of 
ancient animals had considerable in- 
fluence on the desi**:ninj? of display’s for 
the museum. Skeletons of many speci- 
mens were mounted after his models. 
The artist made a notable series of 
models of primitive elephants, and in 
the early yeans of this century a series 
of restorations of Pleistocene and Mio- 
cene horses. Probably Knight has be- 
come most widely known for his murals 
in the American Museum of Natural 
History, and in the Field Museum in 


Chicago. Ills first large wall decoration 
was begun in the New York museum in 
the Hall of the Age of Man. For the 
next ten years he was engaged in paint- 
ing the series of wall panels which have 
impressed all who have sought in pic- 
tures a clearer idea of life on earth as 
it must have appeared in the main 
phases of its evolution. Knight then did 
twenty-eight large panels for the Field 
Museum, between 1926 and 1930, and 
returned to decorate the Hall of the Age 
of Mammals in the American Museum. 

One of the latter panels shows mam- 
mals of the TTpper Pliocene period : the 
short- jawed Stegomastodon, the Glypto- 
therium, an armadillo-like animal, and 
the one-toed horse Plesippus, also the 
early camel, or Pliauchenia. Another 
panel, completed in 1934, when Knight 
observed the fortieth anniv(»rsary of his 
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association with the miisciiin, illustrates 
inaiiiinals of the ()lip:ocene period in a 
restoration of a typical scene in Nebraska 
and South Dakota. In tlie Museum of 
Natural History in Los Anjreles is a 
fifty-foot panel of the Kancho-Iia-Urea 
pitch j)ools. The mural in the Dlaiie- 
tarium in New York, by tlie way, is also 
by Knight; it illustrates the story of the 
Moon (loddess in tln» inytholojiy of the 
Plains Indian. In ]t)40 Knijrlit made 
his first litho^rraphs, a series of foui’teen, 
illustratinjr invertebrate and vertebrate 
creatures through the ajres. ilis jiaint- 
iiifrs have been reproduced in countless 
books and majrazine articles on prehis- 
toric life. 

Another talented artist wlio came to 
the American Museum of Natural His- 
tory before 1900 was R. Bruce Horsfall. 
He recalls that it was Osborn’s quest for 
a pen and ink draughtsman that first 


brought liim commissions in 1898. Hors- 
fall, whose studio is now in Washington, 
has had a distinguished career as artist, 
author and naturalist. Born in Iowa in 
1869, he studied in Oincinnati Art Acad- 
emy and in Munich and Paris, and ex- 
hibited in the C^hicago Exposition of 
1893. In addition to his work for the 
New York museum, which chiefly con- 
si.sted in drawings of fo.ssil skeletons, he 
did restorations of extinct animals for 
Mc(Uiirc\s Miinazine. Profes.sor William 
Berryman S(*ott employed him to illus- 
trate the fossils of Patagonia, on which 
he spent some eight years. He made 
illustrations for Scott’s ‘‘A History of 
Tjand Mammals in the Western Hemi- 
sphere,” first published in 1913, and also 
painteil backgrounds for museum dis- 
plays. 

A gifted lad of 15 came to the Ameri- 
can Museum of Natural History one day 
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in 1900. He was eneourapred to copy 
skulls and make other studies of 
anatomy, and to play about with pencils 
and inodelinj? (day. This boy had an 
extraordinary int(»rest in animal life and 
was able to express that interest in art. 
His name was Erwin S. Christman, and 
he spent more than tw’enty years of his 
short life as an artist for paleontology. 
In particular he developed an ability as 
sculptor, and became a valuable member 
of the museum’s staff before he was 
much older than the averajrc* eollefre 
freshman. He studied at the Art Stu- 
dents Leajifue and the American Acad- 
emy of I3('sijz:n. He obtaiiuMl some of his 
earliest practice in the difficult branch of 
art he had chosen by making? wash draw- 
inj^s of the teeth of Titanotheres. 

Then Christman turned to pen and 
ink, and modeling clay, and made a 
series of drawings of the skeletons of 
dinosaurs. One of his notable achieve- 
ments was the restoration of the dino- 
saur Camarasaurus. From innumerable 


drawings of the bones, and after years 
of painstaking work, he made eut-outs 
and arranged these in a realisti(5 pose. 
This he used as the basic design for what 
has been considered one of the best 
sculptured models of a dinosaur ever 
rnade.^* 

Osborn’s “The Age of Mammals in 
Europe, Asia and North America” in- 
cludtKl several photographs of (’hrist- 
man’s models of primitive l^roboscideans 
and other mammals. In April, 1912, the 
museum installc'd an exhibit of a series 
of life-size heads of the Titanotheres, 
those gigantic horned monsters that once 
roanmd the plains of the Dakotas and 
W(‘re distant relatives of the rhinoceros. 
Th(\se, display(Hl in the Hall of Verte- 
brate Paleontology, Were modeled by 
Christman under the direction of Osborn 
and Oregory. A few years later Gregory 
and Christman, afte*r ardmnis reseandi, 

i2<<j5rwin 8. niriHtmnn — Dnnightsman, Ar- 
tiHt, Beulptor, ” h.y William K. Oregory, Maiurul 
llintory^ November- D(‘('(*mber, 1921. 
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succeeded in devising? a complete restora- 
tion of a Titanothere which, for the first 
time, presented the musculature of those 
(freatures. Christman died in 1921 at the 
a{fe of thirty-six, after more than twenty- 
one years ^ service to science and educa- 
tion. In a fine tribute Dr. (Irejrory wrote 
of him that ‘Miis work was characterized 
not only by creative vision but by fidelity 
of detail,” and praised him as an intelli- 
jrent and sympathetic assistant to the 
scientific staff.''* 

Ainonjj: the artists who have worked 
for the museum in more recent years 
have been John C. Oermann and Ijouise 
Waller (icrmann ; E. Eunp:ius Fulda, 
whose paintinjr of a Miocene camel bed- 
jirround was done under direction of Br. 
Barnum Brown; and M. Fliusch, who 
made a number of drawings of ele])hants 
and mastodons. Charles J. Tjanjr made 
a reconstruction of the Lonjrirostine 
Mastodont. 

The art director of the agency in 
charjre of advert isinjj: for Sinclair Oil 
C'ompany saw in Collicr^s Weekly about 
ten years ajro an illustration of a Jurassic 
sea monster. lie commissioned the artist, 
James E. Allen, to do a series of dino- 
saurs for advertisinjr illustrations. Fcav 
readers who saAv them knew how much 
careful Avork went into the.se. Allen 
made numerous studies at the American 
Museum of Natural History under the 
supervision of Dr. Barnum Brown, Avith 
jruidance from Dr. Walter Oran^er, Dr. 
Bobert (^. Murphy, Dr. Orejfory and 
others. A handicap under which he 
worked was, of course, the speed with 
AAdiich commercial illustration is re- 
cpiired. His dinosaurs were later rejiro- 
duced in booklets and on .stamps that 
were printed in some 5,000,000 copies, to 
supply recpiests from a public that re- 
sponded with intense interest to this 
example of aid in the service of science. 

Nalural TUslory, Novciiit)cr-Dci*cml>cr, 1921. 


At the Field Museum in Chicajxo many 
restorations of fossil vertebrates have 
been made by John CWrad Hansen. 
His crayon and pencil drawinj^s and pen 
and ink studies of prehistoric animals 
ha\'e been used by the museum to illus- 
trate cased exhibits of the articulated 
skeletons. Born in Trondhjem, NorAvay, 
seventy-thr(*e years af»:o, he came to this 
country as a boy and Wxed in Minneapo- 
lis. There for nearly forty years he 
Avorked as a lithoj^rapher, specializing; in 
Aujniette enjrravinj^ for the Monarch 
Litho«rrai)hic Company. He opened a 
commercial studio in ('hica^o in 1929, 
and joined the statf of the Field Museum 
about four years aj?o. Since early youth 
lie has painted portraits, landscapes and 
fi{?ure studies in oil. 

The art that has interpreted tlie life 
Avork of America’s paleontolo^dsts, as we 
haAT seen, has been more than technical 
illustration — it has often been fine art. 
It has recpiired an extraordinary com- 
bination of talents, for its best practi- 
tioners not only haA’c had the full 
etpiipment of professional artists — they 
have ada])ted their technitpie to illustra- 
tion, Avhich Avas made dramatii* to attract 
intere.st. They have approached their 
subject Avith more than ordinary under- 
standinj^ of animal anatomy. They have 
Avorked, for the most part, with material 
Avhich retpiired a happy blend of imafri- 
nation and scientifii* precision ; material 
on which they must exercise skill and 
patience under the eyes of scientists Avho 
Avould not approve work in Avhich iina^:!- 
nation had run away with fact. These 
have been the rijrid requirements of a 
branch of art whirh has, in most in- 
stances, broiu^ht little recop:nition to the 
artist, but Avhich has made a major con- 
tribution to education — to the more effec- 
tiA’e use of museums as educational insti- 
tutions. 
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In the work carried out so i*ar, we have 
found five principal types of conserv’u- 
tion practice which were used by the 
early IMieblo farmers. The first of these 
consisted of boulder bench terraces 
which received local run-off from adja- 
cent slojies, and so supplemented the 
rainfall by addin" the precipitation from 
t raids s(‘veral times as lar^e as that on 
which the crop was planted. Many sucli 
])Iots were tiny in size, even 8 by 10 feet 
in area, but in most cases consisted of a 
series of two or three boulder cheeks 
whi(*h would have lielped to retain run- 
off coming onto small pirdens 75 to 100 
feet lonji; by 20 to 30 feet wide. The 
lar^^e lerraced site on the Walhalla Pla- 
teau is an exam[)le of field scale water 
conservation upon this type of area, 
where local run-otf was arrested. Very 
few terraces of this sort wore on level 
land, and even with irradients no steeper 
than 2.J to 3 per cent, there has been a 
jrradual loss of surface soil, lii their 
simplest form boulder bemdi terraces 
merely reduced tin* velocity of flow of 
run-off water, thereby ineroasiii" the 
water intake into the soil. It is probable 
that til is type of moisture- ami soil-sav- 
in" dam was first constructed after some 
early cultivator observed that water was 
retard(‘d and soil retained by fallen tree 
trunks which lay across small drainafre 
depressions. Where rocks supported and 
reinforced the tree hraiich(*s or trunks 
it wm found that the structure was 
likely to be more permanent. The natu- 
ral occurrence of simple wood and rock 
water-arresting (*. hecks has often been 
observed by us at Mesa Verde and at 
other points in the Pueblo country, and 


such demonstrations could not have 
failed to attract the attention of a primi- 
tive cultivator. 

The effectiveness of the amdent 
boulder and roek bench terraces do- 
])ended on the steepness of the slope on 
which the struetui*e w^as placed and on 
the care with which the boulder or rock 
wall was constructed. On slopes of 6 to 
8 ])er cent, there was little retention of 
soil, but on gentle slopes, under 3 to 4 
])er cent., t(*rraces of this class have effec- 
tively held soils of stable structure until 
the wall was broached by floods. 

The use of land receiving local run-off 
in present-day Pueblo agriculture can be 
seen in the bean fields adjacent to the 
Hopi mesas or the corn fields at Nutria 
on the Zuni reservation, which are sup- 
plied with additional water from sur- 
rounding hill slopes. 

A second group of conservation iii.stal- 
lations which can still he identified, both 
in the northern and southern portions 
of the Pueblo country, were the village 
check dam plots, placed in the upper 
])art of any convenient watercourse 
where the grade was not too steep and 
the stream flow relatively giuitle. In 
most cases, other than at Mesa Verde, 
these check dam gardens were on a slope 
of 4 to 6 per cent., so that the resulting 
plot had a modiu'ate grade of li to 3 
per cent. When first in.stalled these 
])lots were probably (*ffectivc devices to 
conserve soil and water as the soil was 
of moderate depth and surplus water 
filled the root zone after each rainfall 
which produced run-off. There was, 
however, some washing away of the slop- 
ing surface soil so the greater part of 
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these installations could not be classed 
as a method of stabilizin<r a permanent 
system of agriculture. At Mesa V^erde, 
this tyt)e of jrarden plot had the best 
develo[)ment which wc have discovered 
so far. A definite type of construction 
can be recoprnized, with the ends of the 
checks carefully tied in to the sides of 
the stream channel and the dam itself 
built up to a sullicieiit heijrht so that a 
level plot resulted. The portions of 
these ])lots which now remain at the 
sides of the streams indicate that excel- 
lent small j'ardens were formed, with an 
adecpiate depth of soil for corn, beans 
or squash. While the dams wen* kept 
in repair the Me.sa Venh* type of jrardeji 
check may be classed as a splendid instal- 
lation well desijrned to conserve soil and 
utilize storm run-off for croj) production. 

A third type of conservation practice 
was the use of flood water distributinji: 
ditches to brinp: flash stream flow or sur- 
fa(*e run-off onto corn land or jjarden 
patches. This conservation measure had 


its jrreatest development in the wide- 
spread ditch system of the Salt Kiver 
Valley, which one of us’ has discuissed 
previously. Th(*se ditches are often de- 
scribed as a system of irrijratin*? ditches. 
From all the evidence of the jreneral use 
of impounded flood w^ater for crof) pro- 
duction in the Southwest, it appears 
probable that the Salt River Valley sys- 
tem w’as a \V(‘ll-orj^anized method of dis- 
tributinfr and spreadiiifr flood flow. 

The Mesa Verde flood water tlitch is 
the only instance wt have discovered so 
far of this method of handling water in 
the northern Pueblo country. The ditch 
trapi)ed a larji:e flow’ of run-off, both from 
the uplands and from jrround immedi- 
ately adjacemt to it. Along tliO ditch 
there are remains of small field checks 
and recojrnizable areas of probable diver- 
sion onto corn land. These accessory 
m(‘thods of slowing up run-off, im- 
pounded soil and increased the p(*netra- 
tion of w’ater, thereby retaining: a jrreater 
suj)t)ly of moisture for plant ^rowih. 
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The wide, relatively flat ehaunel of this 
ditch sujrjrc^sts that it may liave been 
planted to corn in the Name manner that 
natural flood waterways in modern Hopi 
or Zuni corn fields are still treated. 

A fourth method of conservation of 
water was the use of spriiififs or small, 
live streams for the irrijratioii of villa^re 
jrardeu plots. The Tohalena (lanhms, 
near Navajo Mountain, were an example 
of a jxarden area, which was supplied 
with water, partly by run-olf from the 
hills to the noi’theast and ])artly by flow 
from a live sprinjj:. Th(‘ rainfall and 
spring flow were conserved by throwinjr 
up banks to surround the })lots which 
were fre<piently built up on .stepdike 
terraces. (Jardens of this type, which 
have been cultivated intcmsively by the 
Hopis since early days, can be seen at 
Ilotevilla and Wipo Sprinjjs, and on a 
smaller scale wherever continuous flow 
of water was available adjacent to the 
Hopi villajres. 

The fifth and most important practice 


consisted in croppinjr the flood water 
fields where the principal corn crops of 
the villajres were produced. By the use 
of temporary brush and soil dams, occa- 
sionally reinforced with rock, water from 
flash floods was diverted from its normal 
channel a(*ross adjacent fields where it 
could be impounded and absorbcnl into 
the soil. Strangely enoujrh, even thoujrh 
these tracts were the larjrest areas of the 
crop land that was planted, they are 
often the most difllcult primitiv(* sites to 
rect)‘rnize at the present day. This is 
because a relatively small amount of 
rock was used in the wat(»r-spreadinjr 
dams whi(*h defl(*cted the water across 
the corn land. 

A typical flood plain field was almost 
level with a slij»:ht fall of about 1 per 
cent, so that it was easy to distribute the 
water over the entire area. Cushinj^’^ 
was one of the first to make detailed 
Knnik Jl. “Zuiii nmul«tuff, ^ ^ 

Now York Miwoiim of the Aiuorienn Indian^ 
Heyo Found.Mtio!!, 11)20. 
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studies of flood water irrigation by 
Pueblo inetliods. Tn bis residence at 
Ziini as a niernber of the tribe from 
1880-85 he interesttMl himself in all the 
Hgrieultural operations, as well as in the 
eer(»monial life of the tribe. The man- 
ner in which a Zuni cultivator handled 
the flood water flow on a field in 1884 
is shown in Fig:. 4. A dam of earth 
and brush was placed across the .stream 
at the top of the field at A. This de- 
flected the water over to the secondary 
spreader and as the water swept 
round B, the earth dikes were cut 
throup:h and then closed to retain im- 
pounded water. An additional dam at 
C again kept the water from flowing 
down the main channel and helped to 
turn it over the balance of the field. 
Cushing notes that it was frequently pos- 
sible to reclaim a sandy flood plain for 
agricultural use by turning silty flows 
out over the sandy land for a season or 


two until the water-holding capacity of 
the sandy soil had been im])roved. 

Essentially the same process of flood 
irrigation can be seen on many of the 
Zuni fields now in use and a careful 
study was made of the methods followed 
on all the Zuni corn land during the 
season of 1940, through the cooperation 
of Melvin Helander, Zuni agent for the 
Indian Service. The manner of hand- 
ling the corn land was discussed with a 
number of the older Zuni, who were all 
agreed that the practice of flood irriga- 
tion traced back to their ancestors. The 
principal change which has occurred 
recently has been the introduction of 
plowing, which is now causing modifi- 
cations in the early planting technique 
described by one of us^ previously. One 
of the larger fields examined in 1940 had 
a series of four dams across the stream 
channel to sj)read the flood water over 
the field. The secondary effect of the 
dams was to keep the stream bed on tin* 
same level as the field and prevent the 
developme])! of gullies. By this metliod 
of treatment tin* stream channel did not 
always stay in one place, so the (*ntire 
field, includuig the stream, was planted 
in its entirety. A heavy flood flow might 
alter the course of the main channel and 
w^ash out a strip of corn, but the loss 
was no greater than if tin* strip of land 
along the main stream bed had been left 
free from a crop. Planting corn in the 
stream also has aided in reducing the 
turbulence of the flood flow' and was one 
of the few in.stances where we have seen 
the corn plant used as an acc(*ssory vege- 
tative aid in the control of small flood 
flows. 

The discussions with Zuni cultivators 
brought out several of tlie risks to which 
flood-water farming is subject. At time.s 
an excessive amount of sand may be 
deposited in, and adjacent to, the stream 
channel so that a part of the land wdll 
not retain w^ater sufficiently to carry the 
crop through periods of drouth. The 
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Zuni iiiforiiiants claimed, however, that 
this condition may he corrected by later 
flows in the season, but sometimes con- 
tinues until more silt is deposited in the 
following year. An exceptionally heavy 
flood flow occasionally washes out por- 
tions of the planted crop, but the philo- 
ao[)hic comment was made that tin* rest 
of the field would probably yield enoiurh 
to make up for this loss, because of the 
extra supply of water received. The 
only thinji: which they felt permanently 
injured a flood-water field was deep 
trenching or gullying of the stream 
channel, which would make it impossible 
to turn water out on the land. Such 
gullying must be cheeked by preventive 
dams as soon as it began. Reagan^ has 
indicated his belief in the importance of 
the filling in of valley flood-water fields 
in the Pueblo country as a preventive of 
serious erosion and gullying, 

Albert It. Koagaii, Stream Aggradation 
through Irrigation,*^ Van- Am. GeoJogUty Vol. 
42, No. 5, pp. 335-34 1, 1924. 


The fact that the evidences of the early 
use of land for flood-water fields is now 
often difficult to detect makes us urge 
that archeologists working in the South- 
west devote more attention to reporting 
such information. Certainly a solution 
of the manner in which the primitive 
peoples of the Pueblo country lived and 
adapted themselves to their environment 
should be of interest to all scientists 
working in this portion of the country, 
and warrants a united attack by both 
agriculturists and archeologists. In the 
case of some sites, as of (fiiaco (.-any on, 
the very location of the corn fields which 
would have supported the large com- 
munities residing there has been a matter 
of cpiestion. Several reports quoted by 
Ilodge'^ have suggested that one or more 
primitive' ditches were used to take water 
from the canyon and irrigate fields at 
F. W. Hodge, ** Handbook of the American 
TndianM North of Mexico.** Bull. 30, Bureau 
Amer. Ethnology, Parts 1 and 2, Washington, 
1907-1910. Section on Irrigation, p. C20. 
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PRIMtTfVK HOULDKR FIELD (’IIKOK AT TOHALKNTA GARDENS 

AHOUM’ TWO MILKS FROM NAVAJO MOUNTAIN. 


some (listaiiee from the main villajros. 
There has been some <lifferenee of 
opinion, however, whether these ditehes 
(les(*ribe(l may not have been eonstrneted 
by tlie Navajo diirin*; tlie early p(»riod 
of their residenee in tlie eountry. 

Throu^rh the eooperation of the Soil 
Conservation Serviee Otfiee at AIbn- 
(luenpie, an examination of the entire 
area adjaeent to Chaeo (-anyon was 
made from the air. No sijrns of a larjre 
system of diversion ditehes, whieh would 
have wat(»red eorn land siiffieient for the 
Chaeo villages, eon Id be d(*teeted. On 
the other hand, the aerial study of (yhaeo 
(/anyoii and the adjaeent Eseabada 
Wash sujrjrested that these two streams 
liad adequate areas of land suitable for 
flood-water eorn fields in the eanyoii 
beds, themselves. The main frully run- 
nini; down Chaeo Canyon has every ap- 
pearance of being a channel cut in recent 
years. Were this channel not present, 


the stream flow could be spread in many 
places to form an excellent system of 
eorn fields. When SimpsmF® passed 
through Chaeo Canyon in 1849 he de- 
scribed conditions there in some detail 
and stated that the stream near his camp 
not far from Pueblo Wejiji had a width 
of 8 feet and a depth of IJ feet and that 
occasional pat (dies of excellent grama 
grass were locatcnl along the canyon. 
There was no mention of the deeply 
trenched gully that the stn^ain now occu- 
pies, which apparently had not been cut 
out at the time of Simpson’s visit. 

The country surrounding Chaco Can- 
yon ds as heavily grazed as the areas we 
have examined adjaeent to Navajo 
Mountain. It, therefore, seems probable 
that the rapidity of run-off has increa.sed 
in modern times with consequent trench- 

13 .Tamos H. Himpson, ' ‘ Report of an Expedi- 
tion into the Navajo Country in 1849.*' In re- 
ports of the Secretary of War, Senate Ex. Doc. 
No. 64, 31st Cong., 1st Boss. 
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ZVSl COHN FIELD AND FARMSTEAD AT NUTRIA 

( ORN LAND RK(’KIVKS RrN-OFF FROM AD.TAt’KNT HILLS. 


injr of fields \vhi(*h could originally have 
been used as flood-water corn laud. 
Kven had there been no iiu^rease in the 
rate of run-off, the observations made at 
Zuni show that catastrophic jz:ullyin^ of 
corn land can oc'cur in flood- water fields 
when diversion dams no longer stabilize 
the channel. Hence, disuse alone mi^hf 
have started the formation of a deep 
arroyo. Tt appears probable that reduc- 
tion in ve^^etative cover after the time 
of Simpson \s visit has intensified run- 
off and contributed to the destructive 
process. 

All the ancient conservation installa- 
tions that we have examined have under- 
jrone moderate to severe soil erosion. 
The period when this erosion took place 
is difficult to determine at the present 
day. If soil washinjr was oecurrinj? dur- 
ing? the time of early settlement it mijrlit 
account for part of the shift in the pre- 
historic population. Tlie Pueblo people 


had JH) livestock to reduce vegetative 
cover over a wide extent of surroundin«;i: 
country. They did have an appreciable 
need for fin'wood and timber for support 
of the upper floors of the houses. It is 
<liffi<*ult to estimate whether wood and 
brush cuttiujr would have been so com- 
plete that erosion mi}»:ht have been ac- 
celerated on the slopinjr villa^re fields. 
Our examination of one lar^e terraced 
site on Ihc North Rim of tlie Grand 
Canyon indicated that erosion mijrht 
have occurred at an early date. This is 
not the case for the re}j:ion as a whole. 
There is, in fact, considerable evhhmce 
that ve^^etative cover on at least part of 
the Pueblo country has decreased within 
historic times with a consequent increase 
in the susceptibility of appreciable areas 
to sheet erosion. This is shown in a 
series of reports of official expeditions 
made across portions of the Pueblo coun- 
try in the period of 1846-1857. Lieu- 
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tenant Colonel Kniory“* accompanied the 
first United States military expedition 
into New Mexico in 1846. After the oc- 
cupation of Sante Pe, Emory was a mem- 
ber of the army which proceeded down 
the lower Rio Crande, and then turned 
across the mountains until the Gila was 
reached and followed to the Colorado. 
At a number of places in his journal he 
described the typical vei^retation on the 
lower Rio Grande, which include<l large 
patches of grama grass. Later, while 
crossing the table land enroute to the 
Gila, he commented on the great abun- 
dance of the winter grama grass. Occa- 
sional notes were made by Simpson*^ of 
the supply of grass for teams and stock 
in his report of the survey of the wagon 
route from Port Smith, Arkansas, to 
Santa Pe, New Mexico, in 1849. Sit- 
greaves'^ made a journey from Zuni to 
the Colorado River in 1852, crossing the 
country below tlu^ San Francisco Moun- 
tains. In his report he immtioned the 
excellent grass cover found on the hills 
away from the stream. Whipple/® on 
his railway survey near the 35th i)arallel 
of latitude, crossed the Pueblo country 
in 1853 approximately along the route 
of the present Saute Pe Railroad and 
commented on the thick carpet of grama 
grass that covered the western hills. 

Lt. Col. W. H. Emory, “Notes of a Military 
llocoimaiHsance from Fort T^oaven worth in Mis- 
souri to Han Diego, (California. “ (Made in 
1840-7 with the advanced guard of the Army 
of the West). Thirtieth 0>ng., First Sosa., Ex, 
l>oe. No. 41, Feb. 9, 1848, pp. 1-614. 

1" James II. Simpson, U. H. Engineer Dept. 
Keport from the Secretary of War (^\)mmunicat- 
ing tho report and map of the route from Fort 
Smith, Arkansas to Hantii Fe, N. M., Washing- 
ton, 1850. U. S. 3 1st (kmg., Ist Hess., Senate 
Ex. doc. No. 12, 25 pages, 4 ma))s. 

L. Sitgreaves, Tle})OTt on an Expedition 
down the Zuni and Colorado Rivers, Senate, 32nd 
Cong., 2nd Sess., Ex. Doc. No. 59, pp. 1-190, 
with plates, Washington, 1853, 

Lt. A. W. Whipple, “Report of Explora- 
tions for a Railway Route near tho Thirty-fifth 
Parallel of Ijotitudo from the Mississippi River 
to tho Pacific Ocean. “ 33rd Cong., Ist Sess., 
Ex, Doc. No. 129, pp. 1-164, 1854. 


The most detailed report of vegetative 
growth, however, is that made by Beale^® 
covering his survey of the wagon road 
from Port Defiance to the Colorado 
River in 1857. As this route was in- 
tended for the use of emigrants to Cali- 
fornia he made detailed notes on the 
supply of grass and water for stock and 
wood for cooking. He summarized his 
observatioms as follows: ‘‘You will find 
by my journal that we encamped some- 
times without wood and sometimes with- 
out water, but never without abundant 
grass. Reeently Locket t'-*' has followed 
the r^eale Trail through the Navajo 
country and has shown photographically 
the great change which has occurred in 
loss of vegetative cover and resulting 
soil erosion at Heale’s camp sites, except 
at a few locations where grazing has been 
controlled. 

Probably the most eroded sites ex- 
amined by us were those locat<*<i On the 
slopes of Navajo Mountain, where the 
grazing by sheep in late years has been 
heavy. In addition, the soils at the 
mountain foot are largely .sandy or 
gravelly in texture, showing poor resis- 
tance to erosion. 

The land at Mesa Verde was grazed 
only moderately by cattle prior to 1906, 
and is now^ protected by better vegeta- 
tive cover than is found around Navajo 
Mountain. The soils on most portions 
of Mesa Verde visited by us are loams 
or silt loams, which appear to be less 
erodible than the looser soils of the 
Navajo Mountain area so that a good 
portion of the surface horizons are still 
in place on the me.sa. 

In a careful review, Bryan*-**-* examined 
the records of early travelers and ex- 
plorers in the Southwest in an endeavor 
E. F. Reale, “Wagon Road from Fort De- 
fiuuco to tho (Colorado River. “ House of Repre- 
sentatives. Executive Doe. No. 124, 35th Cong., 
1st Sess., Washington, 1858, pp. 1-87. 

5*1 H. C. Lockett, “Along the Beale Trail, “ 
Education Div., Office Indian Affairs, U. 8. 
Dept, of Interior, 1939, pp. 1-5C. 

22 Kirk Bryan, Science, 62: 338-344, 1925. 
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IlUINS OK IlAWIKtTH, KOUTII OP ZUNI 

THIS IS THE SITE WIIKHE (’OHONADO FIRST MKT THE PUEBLO PEOPLE. 



TYPICAL FLOOD WATFJi FIELD ON THE ZUNl RESERVATION 

THE PLANTED STREAM CHANNEL 18 IN THE IMMEDIATE FOREGROUND. 
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VIEW OF PUEBLO BONITO AND (’HA('0 CANYON FBOM THE AIR 

SHOWING THE DEEP STREAM GULDY WHK’H HAS APPARENTLY DEVELOPED IN IIISTORir TIMES. 


to (Itttc thp puttiiit? of arroyos in the 
Southwest, lie coiieluded that active 
euttiiij^ of most of these arroyos (chan- 
nels) was initiated within the last one 
hundred years. The present ])eriod of 
arroyo cuttinji: in the semi-arid South- 
we.st coincides, then, with the period of 
decline in the density of ve<j:etation. 
Alon^ with other evidence, Bryan’s con- 
clusion ^ives support to our belief that 
a considerable part of the sheet erosion 
on ancient a^rricultural sites, now aban- 
doned, has taken place in comparatively 
recent time. 

Conclusions 

(I) The conservation practices ex- 
amined at four early centers of Pueblo 
culture had excellent value as water con- 
serving devices. Essentially the same 
methods have carried over into present 
day Pueblo agriculture and are in suc- 
cessful use. 


(2) Boulder bench terraces on sloping 
land, probably never gave effective (mui- 
trol of soil erosion, but may have had 
some value on areas wh(*re vegetative 
cover was suffieient to reduce the velocity 
of run-off water. Check dam bench ter- 
races built so that a level plot of soil was 
formed, were excellent soil conserving 
striKdures so long as they were repaired 
and maintained. The flood water irri- 
gation fields, on which the major portion 
of the early corn crops were raised, had 
an important place in con.serving soil 
and when handled by the Pueblo meth- 
ods of water diversion, effectually pre- 
ve^jted gullying. 

(3) The primitive conservation prac- 
tices of the early Pueblo farmers de- 
manded constant vigilance to maintain 
them in u.se and showed that the agricul- 
tural economy of this region was deli- 
cately adjusted to the needs of the early 
communities. 


SIRENS AND BELS 


By Dr. J. O. PERRINE 

ASSISTANT VICE PRESIDENT, AMERICAN TELEPHONE AND TELEORAPH COMPANY 


The present war is a technical w^ir. 
Never before have the scientist and the 
expert been called upon in such larf^e 
numbers to apply their wide array of 
techniques to the purpose of war. How- 
ever many new phases there are in this 
war compared to previous wars, one out- 
standing ditferenee is the airplane. As 
a result of the airplane and bombings 
and air attacks on military and civilian 
areas, the production of a shrieking, 
howling and roaring siren signal became 
another problem that could be attacked 
and solved with technical knowledge. 

Acoustic Environment 

In days gone by our environment was 
largely visual, Since the last war we 
have been living in a new environment, 


an acoustic (uivironment. From radio 
loud speakers and public address systems 
in home, theater, stadium and school, 
words and music are pelted at us. We 
have all become sound-conscious as never 
before. 

To be sure, sound is a commonplace 
phenomenon and likewise a simple phe- 
nomenon. However, from the engineer- 
ing point of view sound seemed to have 
defied measurement technique. Engi- 
neers, of course, seek to measure, to cali- 
brate, to quantitatively evaluate. But 
.sound wave.s, intangible and invisible and 
fragile and impotent as stuff for an engi- 
neer to work with, did not readily submit 
to quantitative analysis. Even electric- 
ity lent itself to measurement more 
readily than did sound. 



FIG. 1. ELECTRICAL METER FOR MEASURING INTENSITY OF SOUND 

MEASUREMENTS ARK CALIBRATED IN DECIBELS. A MICROPHONE IS CONNECTED EXTERNALLY. 
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Sound and Blecthioity 
Happily, durin«: the last quarter cen- 
tury sound has submitted to engineering 
technique via the development of elec- 
trical communication. Sound became 
measurable when translated to electrical 
currents. These fine techniques, con- 
tributing of course in times of peace in 
splendid fashion to the interrelations of 
speech, music, radio and telephony, were* 
very promptly applied to the problem of 
making a sound, just sound — noise, if 
you will — a very loud sound. This is 
where the siren comes in. In an airplane 
attack, the pantosonic roar of a siren 
became the best means of warning the 
countryside. Sound is the Paul Revere 
of 1942. It travels swiftly, 770 miles per 
hour, and can now be made loud enough 
to be heard adequately at a distance com- 
parable to that from Old North Church 
to “the rude bridge that arched the 
flood at Concord. 


Sound Is Poweu 

It has already been suggested that, in 
engineering circles, sound was an ob- 
streperous sort of phenomenon. To mea- 
sure the frequency of vibration of sounds 
was not difficult, but to measure the sheer 
power, the horse-power or the kilowatts 
of sounds was very difficult. The rela- 
tions of power and steam, compressed air, 
coal, light, electric motors and genera- 
tors, men, horses, the sun, tides, water- 
falls, w'ere wtH understood. They were 
sizable, tangible, interrelated and readily 
intervalued. Watts, kilowatts, horse- 
I30W(^X‘i were terms readily associated 
wdth%ie above forms of power. But to 
measure sound waves in terms of watts 
and horse-pow^r eluded the grasp of the 
instruments of the physicist and the engi- 
neer. One knew sounds were manifesta- 
tions of pbwer, but just how much power 
w'as a question not so easy to answer as 
in the field of horses and tractors and 
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boilers and hydraulic dams. To find the 
loudness of sounds apart from the human 
ear, to compare sounds objectively, was 
not a straightforward task. Lord Ray- 
leigh developed the so-called Rayleigh 
disc for this purpose, but it was a fickle 
and whimsical piece of apparatus. Pri- 
marily, of course, the difficulty centered 
around the fact that the power, the watts, 
the horse-power or any other name 
equally horrendous and technical to the 
layman, was so small, so tiny, so micro- 
scopic, or rather micro-acoustic and even 
micro-micro-acoustic. 

Horse-power and Kilowatts 

A horse can, by a system of pulleys, 
lift a weight of 625 pounds, vertically 
upwards at the rate of six miles per hour. 
Such performance in 1775 was the basis 
of determining and establishing the mag- 
nitude of a horse-power by testing the 
horses drawing the wagons of the Not- 
tingham, England, Brewery. That 
power was something one could under- 
stand; it was sizable, it was something 
to see, to sense, to appreciate. A 4,000- 
HP locomotive supplying power to pull a 
passenger train speeding through the 
night at 60 miles an hour must provide 
at all times a force of 25,000 lbs. A 
1,000-HP motor can drive an airplane 
through the clouds at a speed of 200 miles 
per hour. All the time the propellers 
and their wind blasts have to push or 
pull with a force of 1,950 pounds. But 
a sound wave, intangible, invisible and 
evanescent, what is its power, its horse- 
power (perhaps ‘‘butterfly’’ or “aspen 
leaf power’’ would be a better term)! 
What is its thrust, its impinging force, 
its pressure! 

So to make super-sirens in a war in 
1942, one needed to know a lot of tech- 
nique about loudness of sounds, rather to 
know about the power of sounds. Like- 
wise one needed to know a great deal 
about the sensitivity, the acuity of the 
human ear. A great array of acoustic 
techniques have been accumulating dur- 


ing the last quarter century. Aristotle, 
Pythagoras and Galileo blazed trails long 
ago. Saveur, Helmholtz, Rayleigh, Bar- 
ton, Miller, Webster, Crandall and Sa- 
bine continued to blaze trails. To-day 
the trails are widened and deepened. 
They have been blasted by the zealous 
research of another Sabine, of Enudsen, 
Stewart, Wegel, Watson, Frederick, 
Dudley, Wente, Steinberg, Lane and 
Fletcher. 

To exert power, as engineers use the 
term, is to do something at a certain 
speed. The unit is the horse-power. A 
strong and powerful horse was found 
capable, as previously mentioned, of pull- 
ing with a fore.e of 625 pounds at the rate 
of a brisk walk, six miles per hour. Just 
as surveyors measure distance in miles, 
rods and feet, so engineers measure 
power in horse-power and watts and kilo- 
watts. A kilowatt is a thousand watts 
and a kilowatt is 1.34 horse-power. One 
watt is .00134 horse-power. In school 
days the 5,280 and 16^ used to make 
bothersome problems in arithmetic. The 
1.34 number sometimes does the same in 
the arithmetic of engineering. 

Mouth and Ears 

The most common sound is speech. 
How much power in human speech ! The 
sound waves coming out of one’s mouth, 
talking in an average way, embody 
power; they are carrying an effect, the 
capability of affecting the human ear- 
drum. They bear power. It is a sur- 
prisingly small parcel of power; it is 
.000,000134 horse-power, or .00001 watt. 
This is quite below comprehension as a 
discrete amount of power. To say that 
the combined power of ordinary speech 
from the mouths of 5,000,000 people is 
equivalent to the power of a 50-watt in- 
candescent light might give a vague 
notion as to how small it is. The finest 
technique of the alliance of electricity 
and sound was necessary to determine 
this value. In passing it is of particular 
interest to mention again that the mea- 
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surement of sound intensity has been ac- 
complished via the route of electrical 
measurement. Microphones, amplifiers 
and thermophones have been the general 
instrumentalities. 

If one shouts, the power of the sound is 
increased 100 times, namely, .001 watt 
or .0000134 horse-power. A mighty 
basso singing a mighty fortissimo may, 
for a short time, radiate a note of one 
watt (.00134 HP). A loud speaker at 
the stadium may be radiating a speech to 
60,000 people, but the power of the sound 
is small, perhaps 10 watts (.13 HP). 

The human ear is a sensitive and an 
acute sound detector. But just how tiny, 
how micro-micro-acoustic a sound can the 
ear heart Again that was not an easy 
value to find, and of course varies with 
age and with people and with pitch of 
sound. On the average, however, mod- 
ern technique has determined the value 
as .000,000,000,000,0001 watt (decimal 
point 15 ciphers one watt), i.e,, .000,000,- 
000,000,000001 horse-power (decimal 
point 17 ciphers one horse-power). This 
value of sound intensity then becomes 
the value of the audible threshold of 
the human ear. It can be established 
as a sort of bench mark, a sort of sea level 
of sound intensity. Pikers Peak is 14,110 
feet above sea level. So sounds in their 
intensity are nowadays compared to that 
minimum intensity which human ears 
can, on the average, hear, as the sea level 
of audition. In fact the term ‘‘leveP' 
is a good one. Sounds can be talked 
about very appropriately in their inten- 
sities as being at such and such a level. 
The zero level, the arbitrary comparison 
level, is that minimum sound intensity 
which the human ear can just hear. 

Range of Speech and Hearing 
Intensities 

Human beings can whisper and give 
out one ten-thousandth as much power 
(.000,000,00001 horse-power) and they 
can shout 100 times as loud as average 
speech (.00001 horse-power), a ratio of 
one million (1,000,000). That is, human 


beings can speak in sounds varying 

1.000. 000-fold in power. 

In the realm of hearing, if sounds bear 
power of .001 watt (.000,001 HP), the 
ear is hurt by such a relatively large 
amount. This value of sound intensity 
might be called the threshold of pain. 
But it is in the range of sounds which a 
human ear can hear that it is such a 
remarkable device. Sounds varying ten 
million-million fold are sensed by the 
human ear without discomfort. The ten 
million-million fold is the ratio of .001 
watt which produces pain to the 
.000,000,000,000,0001 watt which the ear 
can just hear. Great orchestras play 
fortissimos and pianissimos. These vary 

20.000. 000-fold in horse-power or watts. 
The aggregate power of their majestic 
music is but 75 watts, the power of a 
medium-sized incandescent electric light. 
The mouth and the ear are acoustic sys- 
tems of our human bodies. They are 
both small power systems, as compared 
to walking, jumping and running. Yet 
the small amount of power in the normal 
speaking voice is, after all, many, many 
times more intense than is necessary for 
reception by the human ear. If the 
power embodied in the words of ordinary 
conversation could be parceled out in 
tiny bits just intense enough for a human 
ear to register, 100,000,000,000 could be 
made to hear. This is of course about 
25 times more people than there are on 
the earth. An ordinary postage stamp 
is not a very ponderous object. If one 
had the time and inclination to cut a 
stamp into 50,000 bits and these bits 
could be dropped on the eardrum from 
about an inch above at the rate of 1,000 
pieces a second, the ear would hear this 
lilliputian machine gun rat-a-tat-tat. 

Sound Intensity Measurement 

The subject of this homily is “Sirens 
and Bels.“ The reader quickly glancing 
at the title probably thought lie printer 
had made a mistake, that it should be 
“Sirens and Bells “ or perhaps even 
“Sirens and Belles. “ No, the word is 
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because the bel is the term 
(named, to be sure, in honor of Alex- 
ander Graham Bell) by which acoustical 
engineers measure the relative sound 
intensity of sirens, music and speech. 

Mountain Levels and Sound Levels 

The super-siren developed by the Bell 
Telephone Laboratories and designed 
and built by the Chrysler Corporation 
has elicited much interest lately. This 
discussion has been presented to help 
prepare the mind of the lay reader and 
the non-physicist not only to understand 
a bit about the Chrysler-Bell siren but 
also to appreciate the enormity of the 
sound it emits. 

Mountains to be called mountains per- 
haps have to be at least 1,000 feet above 
sea level. But as mountains go, they do 
not vary a great deal relatively. Some 
Alleghany mountains are 4,000 feet and 
Mt. Katahdin in Maine is 5,200 feet. 
Mount Washington in New Hampshire 
is 6,300 feet. Among the Rockies there 
are some peaks 14,000 feet above sea level. 
Mt. McKinley is 20,000 feet and Everest 
29,150 feet. So the highest mountain is 
only 29 times higher than the lowest 
mountain. Twenty-nine (29) is not a 
big number to say, and it is not a great 
number in numerical magnitude. The 
heights of mountains do not vary many 
fold, and therefore large numbers are 
not required to compare their altitudes. 

But the levels of sounds which the ear 
can hear vary many, many-fold among 
themselves in the first place, and are 
individually a great many-fold greater 
compared to the audible threshold in the 
second place. Human ears can hear 
sounds varying in intensity ten raillion- 
million-fold. A shout is 1,000,000 times as 
intense as a whisper. A great orchestra 
radiates music rising and falling 20,000,- 
000-fold. A thunderclap is heard by 
50,000,000 people. Whenever sounds 
are talked about and compared, the num- 
bers get awfully big. So the sound engi- 
neers (unlike the astronomers) not want- 
ing to use such big numbers and scare 


themselves and perhaps the public, too, 
therefore said, after considerable deliber- 
ation: We won’t use actual numerical 
values when we compare intensity of 
sound to the minimum level of ears, 
namely, .000,000,000,000,0001 watt — 
watts per square centimeter, to be com- 
pletely explicit. We will do a bit of 
maneuvering and take a short cut. In- 
stead of using the actual number we will 
use the number of decimal places in the 
number, if the number is less than 1, or 
the number of ciphers if the number is 
greater than 1. The number of decimal 
places and the number of ciphers will 
always be the same. One one-hundredth 
(.01) has two decimal places and one 
hundred (100) has two ciphers. So a watt 
of sound intensity would be an enor- 
mous number of times greater than the 
audible threshold detectable by the ear, 
.000,000,000,000,0001 watt. This number 
has 16 decimal places. One watt of 
sound would be 10,000,000,000,000,000 
times as great. This number has 16 
ciphers. 

Ratios and Super-Ratios and Bels 

Engineers, particularly acoustic and 
communication engineers, must have a 
general heritage of Scotch ancestry. So 
in this case to conserve words, breath and 
pencil, they discuss matters with their 
colleagues in terse fashion by agreeing 
that, instead of a lot of decimal places 
and a lot of ciphers, they will merely give 
the number of the decimal places or the 
number of ciphers and call them “bels.” 
In the case cited they would say 16 bels. 
In the case of man shouting 100 times as 
loud as normal speech they would say 2 
bels. If one sound intensity is 1,000,000 
times as great as another he would say 6 
bels. Such a procedure is very sensible 
as well as Scotch. It shortens conversa- 
tion and it expedites exchange of ideas. 
In no wise does it inject a diflScult-to- 
understand idea into the picture. 

Sound intensity and other things, too, 
for that matter, are said to vary so many 
bels. “Other things” might be intensity 
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of radio signals, electric current and the 
relative distances of planets and stars. 
These vary a great many-fold, hence the 
use of the term ‘‘bel’^ would be appro- 
priate. The variation of wages, speed of 
trains, heights of mountains and many 
other items in the welter of everyday life 
is generally small, so old-fashioned per- 
centage is sufficient to talk about them. 

Furthermore, if one has a lot of sounds 
whose power is expressed in bels above 
the level of the threshold, their compari- 
son among the individual sound intensi- 
ties is readily and simply arrived at. 
One siren has a sound whose intensity is 
14 bels, a second 12 bels. Then the first 
is merely 2 bels louder. Now of course 2 
bels greater means 2 ciphers, so if one 
wants to know more about the sounds, 
the first is 100-fold more intense than the 
first. But the engineer says that 100 is 
too big a number to think about. He 
suggests 2 bels. He has only subtracted 
12 from 14 to get 2, which in turn means 
2 ciphers, which means 100. 

BEiiS AND Decibels 

One other point by way of exposition 
and then the sound intensity of the Bell- 
Chrysler siren will be readily under- 
stood. The engineer for various reasons 
decided the bel was even too great a 
unit, since 10-fold is 1 bel. Sounds 
which varied as much as a bel, namely, 
one cipher, was too big a variation — ^a 
1000 per cent, variation in ordinary 
language. As feet are divided into 
inches which are l/12th as long, bels are 
divided into decibels which are 1/lOth 
as big. One might object and point out 
that “decibel” is a longer word than 
“bel” but that is not too much extrava- 
gance in ink. A siren which emits a 
sound intensity of 10 bels emits a sound 
of 100 decibels. If sounds vary as much 
as .1 bel, about 29 per cent, in actual 
value, the ratio is 1 decibel. So as a 
means of convenience, of terse conver- 
sation, of ready comparison, the acoustic 
engineer through fine measurement tech- 


nique discusses loudness of sounds re- 
ferred to the threshold value of human 
ears as sea or zero level. He always 
knows that the zero level, the reference 
level of sound intensity, actually em- 
bodies 10"'® watts. To find the power of 
other sounds is then a matter of simple 
arithmetic. Long rows of ciphers and 
decimal points are avoided. They are, 
however, cleverly indicated by the num- 
ber of bels. 

Chbysler-Bell Siren 

With war and the airplane attack, 
therefore, came the problem of very loud 
sounds, of sirens and super-sirens. The 
problem could not be approached in 
casual, hit-and-miss, “haywire” manner. 
Guns, planes, ships and tanks require 
great engineering skill and techniques. 
Here, too, the approach had to be tech- 
nical and scientific. Accurate mechani- 
cal design, compressed air, horse-power, 
watts, bels and decibels had to be care- 
fully considered and acoustic acuity of 
human cars had to be known about to 
achieve real results. 

The Chrysler-Bell super-sirens, one of 
which is atop the R.C.A. building in New 
York, have been generally accepted as 
being highly successful. The acoustical 
engineering figures about it, which might 
appear overwhelming and super-techni- 
cal, are really very straightforward. The 
siren is entirely a mechanical contrivance, 
powered by a 140-horse-power gasoline 
engine, and uses compressed air. In no 
wise is it electrical. For many years in 
acoustical science, sirens, organ pipes, 
whistles and tuning forks have been the 
general means of producing artificial 
sounds. In recent years telephone re- 
ceivers and loud speakers driven by 
vacuum tube oscillators have become the 
vogue. Always the siren has employed 
a perforated rotating disk through which 
puffs of air or steam escaped to produce 
sound. The Chrysler-Bell Victory Siren 
employs a 30-inch rotating plate with six 
holes which chop, of course simultane- 
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ously, the blasts of air from six throats, 
each about two inches square. A total 
of 2,500 cubic feet of air per minute at 
a pressure of 5 pounds per square inch 
is driven out of the six throats. The 

chopper’^ rotates at 4,400 revolutions 
per minute. The pitch of the sound is 
440 vibrations per second. 

It is appropriate to observe that al- 
though the siren is a mechanical device 
and sound waves are mechanical waves, 
all the techniques of measurement to 
determine whether the raucous sound 
produced by the Chrysler-Bell siren is 
effective are electrical. (See Fig. 1.) 

A Super Stentorun Shout 

The mythological Stentor had ‘‘a cry 
as loud as the cry of fifty other men.” 
The Victory Siren has a ^^cry” equal in 
power to 4,000 million ordinary men or 
eighty million Stentors. These amazing 
comparative numbers result from 
straightforward considerations. 

The sound power out of people’s 
mouths is .00001 watt (10 ° watt). The 
aggregate sound power out of a giant 
loud speaker at a stadium might be 10 
watts. The loud speaker aboard a boat 
which directed traffic at tlie international 
yacht races at Newport in 1934 emitted 
500 watts (.67 HP) of aggregate sound 
power in the form of highly intelligible 
speech. This was one of the largest loud 
speakers that ever had been built. 

The Chrysler-Bell siren’s power in the 
form of a raucous sound is 42.2 kilowatts 
(56.5 HP). This siren then produces 
probably the most sound power ever arti- 
ficially and continuously generated. Its 
sound is more intense than a thunderclap 
and various other extra-loud sounds. 
Close to the siren, the sound is not only 
powerful but dangerous, too. (Fig. 2.) 

It is to be noted that the ‘‘total sound 
power” radiated by the Chrysler-Bell 
siren is 42.2 kilowatts. Of course such 
an enormous amount of sound does not 
come from a tiny aperture. Sound never 
comes from the theoretical point source. 


Actually the equivalent aperture of the 
super-siren is a circle 28 inches in diame- 
ter. Out of the big aperture all the 42.2 
kilowatts of sound can be thought of as 
pouring. 

As has been said, sound waves, light 
waves, radio waves and heat waves em- 
body and carry power. Out of the 
equivalent 28-inch circular aperture of 
the super-siren comes 42.2 kilowatts of 
power. The midday July sun sends to 
the earth heat waves w^hich are very 
warm. Actually the sun’s radiation on 
an area of the earth’s surface equal to 
the siren’s aperture is only Va kilowatt 
of heat wave power. The total power of 
the siren’s sound radiation from the en- 
tire aperture is 42.2 kilowatts, and from 
a small area a bit larger than an aspirin 
tablet the intensity of sound radiation 
turns out to be 10 watts. So the calcu- 
lation of the intensity of the sound com- 
pared to the threshold (lO"'** watts) is 
very simple and straightforward. Ten 
watts equals 10‘ watts. 10^ watts divided 
by 10 watts equals 10^^. This is then 
a ratio of intensities of 17 bels and of 
course 170 decibels. Of course this 
means that the intensity of sound from 
the super-siren is almost a million times 
a million times a million greater than 
that perceptible by the human ear. If 
it were 18 bels (180 decibels) instead of 
17 bels (170 decibels), it would be the 
million times a million times a million 
(10«xl0®xl0«=:10’«). 

With testing apparatus such as is 
showp in Fig. 1, it was found that at a 
distance of one mile the siren produced 
a sound of 100 decibel level, or 10 bels 
or one with 10 ciphers following greater 
than the threshold of audibility. Calcu- 
lations indicate the sound level at 20 
miles would be 60 decibels (6 bels) 
equivalent to that of ordinary conversa- 
tion. At 75 miles, calculations reveal 
that the level would be about that of the 
threshold, in other words, just audible. 

The sound intensity of the super 
siren is 4 bels (40 decibels) or 10,000 
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times greater than the threshold of 
pain. It is the most intense sound 
ever continuously produced by the tech- 
niques, the accurate knowledge and the 
manufacturing skill of man. Its only 
rival in intensity was the explosion of 
the volcano Krakatoa in the East Indian 
Ocean in 1883. It is recorded that the 
sound of that explosion was heard 3,000 
miles away. It must have been many 
times louder than the Chrysler-Bell 
siren, since it is estimated that the siren 
could be heard, under favorable condi- 
tions, only 75 miles. 

Intensity and Totality 

Perhaps the reader has observed the 
repeated use of the phrase ‘‘sound inten- 
sity. To be accurate and explicit, in 
the discussion of sirens and sounds the 
engineer uses this phrase advisedly. 
“Bels*^ and “decibels’* are used not to 
compare sounds — the total power of 
sounds — but rather the intensity of 
sounds. Of course the siren must send 
out a great deal of sound, but, more im- 
portant, it must emit a very intense 
sound. As observed in the chart of 
“Sound Intensities” ordinary speech 
directly into the ear is more intense than 
a lion’s roar at a distance of 18 feet. Of 
course the lion’s roar embodies more 
sound than does speech, but the ear has 
no way of knowing how much sound is 
about; the ear can only give notice of 
how intense a sound is. Of course if the 
head is turned in a lot of directions and 
the ear hears considerable intensity at 
many angles, then of course one knows 
there is a lot of sound. It is therefore 
not completely correct to say, the Chrys- 
ler-Bell siren produces 17 bels (170 deci- 
bels) of sound. It does produce 56 horse- 
power of sound, but this amount of sound 
spreads out over a great area. Of course 
a siren must produce a great deal of 
sound, but likewise it must produce a 
very intense sound. It is more correct 
to say that the sound intensity of the 
siren is 17 bels. 


In the days of the elevated in New 
York, not only was there a great deal of 
noise at 34th Street and Broadway, but 
also there was a deafening intensity of 
sound. At a baseball game in the Yankee 
Stadium there is at all times a great total- 
ity of sound, but not a great intensity of 
sound. This totality would not be mea- 
sured in bels. All about us during the 
day, there is a lot of light — a really very 
large amount of light — but the intensity 
of daylight does not blind us, except 
when we look directly at the sun. A 
great modern searchlight pierces the sky 
at night with a brilliant, intense beam, 
but does not light up the landscape. The 
pantoscopic moonlight is not intense but 
does flood the entire country-side with a 
totality of light suflScient for reasonably 
good vision. 

The pantosonority of a sound source is 
expressed in horsepower or kilowatts. 
The ratio of the intensity of sound pro- 
duced at a given place, as compared to 
the minimum intensity perceptible by the 
human ear, is measured in bels and deci- 
bels. As shown in the chart, intensity of 
sound is completely specified in absolute 
— not relative — terms, by knowing the 
power per unit area — the watts per 
square centimeter. Horsepower per 
square inch would be another way to 
express it. Intensity is appraised by 
human ears and electrical ears (micro- 
phones). Totality is appraised by the 
integration of the brain. 

So it can be accurately said that the 
Chrysler-Bell siren produces not only an 
amazing totality of sound but also an 
amazing intensity of sound. 

Maximum Theoretical Intensity 
OF Pure Tone 

One might speculate as to the most 
intense sound that theoretically could be 
produced, that is, the most intense pure 
tone, a tone such as a good tuning fork 
tone. Of course the pressure of the air 
in the sound wave varies. That is what 
makes it a sound wave. The greatest 
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FIG. 3. INTENSITIES OF A NUMBER OF DIFFERENT SOUNDS 


deviation below atmospheric pressure 
would be a vacuum — 14.7 pounds per 
square inch less than normal. For a 
pure tone, then, the maximum pressure 
at a particular instant of time in the 
intense sound wave would be just double 
the atmospheric pressure, 29.4 pounds 
per square inch. This theoretical maxi- 
mum intensity of sound would require a 
radiation from the area of an aspirin 
tablet of 1,000 watts instead of the 10 
watts of the super-siren. The sound in- 
tensity would then be 19 bels (190 deci- 
bels). Of course the Krakatoa sound 
was not a pure tone. Its sound power 
must have been hundreds of kilowatts 
and its intensity many bels. The maxi- 
mum pressure in its sound wave must 
have been many, many-fold greater than 
atmospheric pressure. 

The pressure of tiny bits of postage 
against the eardrum was previously used 
to indicate the delicacy of response of the 


eardrum. Actually, in terms of pounds 
per square inch pressure on the eardrum, 
the value of ear threshold of pressure 
sensitivity is 3.5 x 10~® pounds per square 
inch. The pressure in the sound waves 
at the aperture of the super-siren is cal- 
culated to be one pound per square inch. 

IUdio Waves and Sound Waves 

To get 42.2 kilowatts (56.4 HP) into 
the sound waves radiated by the super- 
siren has been a fine achievement of 
mechanical design and compressed air 
technique. It was not a simple or easy 
task. It is provocative to realize that it 
has been much easier generally to put 
wave energy into the form of electric 
waves, radio waves, and send them out 
from an antenna. The 50,000 watts of 
a broadcasting station appears very big, 
and is the subject for a bit of boasting. 
In fact, 50,000 watts is only 80 horse- 
power, and 80 horse-power auto engines 
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are considered small and exist in great 
numbers. So in the general welter of 
the world’s work 80 horse-power items 
are not big or extraordinarily powerful, 
but in radio engineering 80 horse-power 
transmitters are so regarded. In acous- 
tical engineering, 80 horse-power would 
be a gargantuan value. 

Some transoceanic radio telephone 
transmitters radiate about 75,000 watts 
or 100 horse-power. The super-siren 
puts a terrific and ear-splitting sound 
into the air with 56 horse-power. An 
everyday environment of sound of 800 
Chrysler-Bell sirens scattered over the 
United States (the number of radio 
broadcasting stations in America) all 
day, would be unbearable. For short 
periods they serve excellently as an air- 
raid warning. Yet we move about com- 
fortably close to radio antennas while 
powerful radio waves are impinging 
upon us. It is fortunate that humans 
have no radio ears, only acoustic ears. 

Calculations indicate that the Chrysler- 
Bell siren can be heard 75 miles. Radio 
telephony across 3,000 miles of ocean is 
an everyday commonplace. Could a 
siren or a loud speaker be made so sono- 
rific that it could be heard across the 
sea t Indeed it would be a terrible noise I 
The likely answer is “No.” Further- 
more a sound wave would require 4 
hours to go across the ocean. Facile 
conversation would not be possible 
under attendant time delays. Only 
exploding volcanoes are heard 3,000 
miles. Explosions of 12-inch modern 
cannon produce a sound intensity of 230 
decibels (23 bels) at 12 feet; at this dis- 
tance, the sound-wave pressure is about 
500 pounds. They are heard across the 
English Channel, but perhaps 100 miles 
is the maximum range of their sound. 
The radio transmitter goes about its fine 
job with the passerby unaware. Radio 
apparatus and radio waves surely have 
many talents. 

The intensity of the sun’s heat waves 
on the earth’s surface have been men- 


tioned and are considerably lower in 
power content than that embodied in the 
sound waves at the equivalent radiation 
aperture of the Chrysler-Bell super-siren. 
It is interesting to ask what is the in- 
tensity of power in a radio wave neces- 
sary in radio transmission. For good 
reception by a good type of radio re- 
ceiver, the radio wave power intensity 
arriving at one ’s receiving antenna 
should be at least 10 ® watts. This is 
quite a bit of w^ave power compared to 
the tininess of sound intensity which 
a human car can hear, namely, 10"'® 
watts. It is 7 bels greater. Figur- 
atively, human ears, then, could be said 
to be 7 bels more sensitive than an elec- 
trical oar, namely, 10', or 10,000,000-fold. 

If very special antenna arrangements 
and very special radio receivers and 
vacuum tube amplifiers are used, as they 
are in transoceanic radio telephony, then 
the intensity of power in a radio wave 
can be less. In this case, the intensity 
of radio wave power can be as low as 
10 watts and good results obtain. This 
10 '® watts is 10'^, 1000-fold, or 3 bels 
less than the threshold intensity of the 
human ear. 

Inspection of the chart, Fig. 3, will 
reveal a lot of interesting ideas about 
sounds, speech and music. It is to be 
continually remembered that sound 
waves are an embodiment of powder and 
that the power of the sound in a just 
audible sound is the sea level of com- 
parison for other sounds and that other 
sounds are so many, many times louder 
that, for purposes of easy ealc.ulation, 
ratios must be talked in terms of the 
decimal places and ciphers instead of 
the actual number. These decimal places 
and ciphers gave rise to the simple and 
convenient language of bels and decibels. 

The alliance of acoustical science and 
techniques and mechanical engineering 
design and skill has given notably fine 
results. One thing is sure, the acoustical 
engineer has made the sound wave the 
Paul Revere of World War II. 



FLIGHT IN THE DARK: A STUDY OF BATS 
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For almost exactly one hundred and 
fifty years an unsolved problem has 
occupied a special niche in the minds of 
certain men of science. What type of 
sensory perception — what sense organ — 
informs flying bats of the location of 
obstacles to their flight t In the pitch 
blackness of the caves they inhabit, the 
eyes can be of little or no use for detect- 
ing objects; yet the location of ceiling, 
walls, etc., undoubtedly are perceived 
with ease and accuracy. The purposes 
of this essay are to cite some of the many 
attempts which have been made to re- 
solve this problem, and to describe the 
experiments by which Dr. Donald R. 
GriflBn and I have arrived at what we 
believe to be a simple and adequate ex- 
planation of the phenomenon. 

In 1794, when the study of natural 
phenomena was burgeoning as never 
before, Lazzaro Spallanzani first re- 
corded observations on the flight of bats. 
Having put out its eyes, he freed an 
animal in a closed room. It at once flew 
off and avoided walls, the ceiling, silk 
threads and ‘‘whatever other bodies 
which may have been placed about in an 
effort to embarrass liim.^’ Clearly these 
animals were equipped with a non-visual 
mechanism of amazing eflScieney for de- 
tecting obstacles, and to the discovery 
of this mechanism Spallanzani directed 
his talent for devising simple yet fruit- 
ful experiments. 

He eliminated, in order, the senses of 
touch, smell, taste and hearing. So far 
as could be observed, none of these treat- 
ments led to a significantly decreased 
ability to avoid, and consequently, he 
proposed that bats may possess a sixth 
sense whose nature is unknown and un- 
knowable. 


But contrary to what most people be- 
lieve, Spallanzani did not maintain this 
point of view for very long. At his own 
request, the experiments were repeated 
by Louis Jurine, a Swiss entomologist, 
with very different results. Jurine 
found that bats with plugged ears in- 
variably blundered helplessly into the 
same obstacles which were avoided with 
ease upon removal of the plugs. There- 
fore, according to Jurine, the ears di- 
rected bats — and Spallanzani promptly 
agreed. He happily discarded his theory 
of a sixth sense and accepted J urine's 
explanation without reservation. 

Meanwhile, Georges Cuvier advanced 
and warmly advocated the theory that 
bats possess in their wings an exquisitely 
developed sense of touch which, alone, 
was responsible for informing the flying 
animal of the location of obstacles. This 
hypothesis had received very careful ex- 
perimental consideration from Spallan- 
zani and his colleagues only to be re- 
jected as an impossible explanation. 
Although Cuvier himself recorded no 
experiments in support of his theory, ho 
clung to and reiterated the proposition 
with surprising tenacity. Upon reading 
any discussion by Cuvier on bats, one 
finds there a spirited refutation of the 
ideas of Spallanzani and Jurine and an 
assertion of the experimentally dis- 
proved touch theory. 

The weight of Cuvier's authority has 
led scientific mer ( ver since to conclude 
that (1) Spallanzani's work was hap- 
hazard and uncontrolled, (2) Spallan- 
zani continuously supported the theory 
of a new sense, and (3) the bat detects 
obstacles by a sense of touch. None of 
these conclusions is correct. A complete 
discussion of the first two is the subject 
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of another artide;' a rational explana- 
tion of the method used by flying bats 
to detect obstades is the subject of the 
rest of this essay. 

When Donald E. QriflBn and I attacked 
the problem of obstacle avoidance by 
bats, we had at hand the results of many 
experiments performed since the time of 
Spallanzani. In practically every one of 
these, only qualitative results were de- 
scribed. Some impairment of ability to 
avoid was claimed to follow destruction 
of any sense organ, although it seemed 
clear that bats were most inexpert when 
their ears were plugged. Since, however, 
the exact degree of impairment of a 
given sense organ had never been stated 
in quantitative terms, we decided to 
measure the performance of bats in an 
obstacle situation whose characteristics 
were known and reproducible, to collect 
our data in a standard way, and to ana- 
lyze our results by a rigid statistical test. 

Furthermore, adequate consideration 
had never been given to the injury inci- 
dent to elimination of the sense organs. 
Aside from the obvious fact that an in- 
jured animal is not likely to perform as 
well as an uninjured one, drastic opera- 
tions make it impossible to restore the 
bat to normal in order to retest its per- 
formance. We planned, therefore, to 
render our bats blind, deaf, etc., in a 
strictly reversible manner, and to test 
the animals in the obstacle situation 
while normal, while blind or deaf and 
finally while normal once more. 

The room we selected for the tests is 
a soundproof chamber in the Cruft 
Physics Laboratory at Harvard. Its di- 
mensions are fifteen feet by eleven feet 
by eleven feet high ; and the walls, ceil- 
ing and fioor are well padded with soft 
sound-absorbing material. In a straight 
row across the center of this room, 
spaced one foot apart and hanging ver- 
tically from ceiling to floor, we sus- 

1 * * The Avoidance of Obstacles by Flying 
Bats: Spallanzani ^8 Ideas (1794), and Later 
Theories,’' by R. Qalambos. Isw, 34: 132- 
140, 1942. 


pended a row of steel wires. We selected 
wires with a diameter of one millimeter 
because this size has been shown to be 
about the smallest which bats can avoid. 
We hoped in this way to make our bar- 
rier difficult for even a normal bat to 
maneuver through, and thus to show up 
any impairment of ability in the oper- 
ated bats at once. 

A bat set free in this room would fly 
back and forth from one half to the other 
through the barrier of wires. As the 
animal did so, a count was kept of the 
number of times it hit and missed the 
wires. Bach hit or miss was considered 
a trial. There was rarely any difficulty 
in judging these hits and misses, for 
when the bat struck, even very lightly, 
the observer could usually hear the noise 
caused by the contact of wing on wire 
and see the wire obstacle move back and 
forth under the impact. 

In order to obtain data legitimate for 
analysis by statistical methods, it was 
necessary to make a large number of ob- 
servations on each animal. A minimum 
of fifty passages through the barrier was 
found to be convenient and adequate for 
this purpose, but whenever possible more 
trials were recorded. The performance 
of the animal was then reduced to a 
score expressed as percentage of hits in 
the series of trials; if, for example, the 
bat hit the wires twenty-five times while 
passing through a total of seventy-five 
times, its score would be thirty-three per 
cent. A high score, therefore, indicates 
poor ability to avoid, while a low score 
indicates good avoiding ability. 

Most normal bats when set free in the 
experimental room would fly back and 
forth, circling, swooping and dodging as 
if thoroughly at home. When their in- 
dividual scores were determined, how- 
ever, it was clear that some animals were 
much more adept at avoiding collisions 
than others.* Thus, of 129 Myoiis 1. luci- 

3 For complete description of methods and 
results, see D. R. Grifhn and B. Galambos, Jour» 
Exp, Zool, 86: 481-606, 1941. 
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fugiis tested, the lowest score (per cent, 
hits) was 7 per cent., the highest 65 per 
cent., and the average 35 per cent. We 
were apparently measuring a highly de- 
veloped skill which reached its fullest 
expression in only a few animals. 

In the next experiments we blinded 
the bats. This was accomplished in a 
painless manner simply by covering the 
eyes with a dark-blue solution of col- 
lodion ; when, during the course of a min- 
ute or two the solvent evaporated, it left 
behind a hard layer of collodion through 
which the animal could not see. The 
collodion layer could be quickly removed 
with a wad of cotton soaked in ether, to 
restore sight to the animal. 

Twenty-eight blind bats collided with 
the wires an average of 24 per cent, of the 
time, as opposed to 30 per cent, when 
completely normal. From these figures 
it is clear that blind bats are as adept in 
avoiding obstacles as normal ones. Some 
of them, in fact, showed marked im- 
provement after being deprived of their 
eyesight, a phenomenon which appears to 
demonstrate that under certain condi- 
tions a bat’s eyes are more a hindrance 
than a help. 

Having thus substantially confirmed 
Spallanzani’s original observations, we 
next set about to repeat the experiments 
of Jurine on the ear. To deafen a bat 
we at first used one to two techniques; 
(1) the ear flap was turned down and 
sewed to the head; (2) a drop of the 
collodion was placed in the ear and al- 
lowed to harden. Depending on which 
technique was being used, hearing was 
restored by cutting the threads holding 
the ear-flap or by poking a hole in the 
collodion. 

Our deaf bats could not avoid ob- 
stacles. The average score of twenty-one 
deaf bats jumped from 28 per cent, when 
normal to 66 per cent, when deaf.® But 

>Wo have determined vrhat score might be 
expected from a bat completely unaware of the 
wires, by calculating the number of times an 


the difference in these scores by no means 
portrays adequately the behavior of a 
deaf bat. The light touch of the finger 
which frightens a normal animal into 
quick, graceful flight has no effect what- 
ever on deaf ones ; they must be prodded 
with a stick. They are extremely reluc- 
tant to leave their perch and upon doing 
so flutter slowly and heavily through the 
air until they strike the walls, the wires 
or the experimenter. After the collision 
they continue fluttering helplessly, fall 
to the floor and there begin at once to 
scratch at their ears. The bewilderment 
of the deaf bat is complete. 

All deaf bats recovered as if by magic 
when the use of their ears was restored 
to them, and their scores dropped at once 
to normal. 

Cuvier and others have criticized ex- 
periments such as these on the grounds 
that the poor flight of the deaf animal is 
due to injury accompanying the deafen- 
ing process. We believe this criticism is 
effectively answered by the demonstra- 
tion that deaf bats perform normally 
when their hearing is restored to them, 
but to provide a final answer the follow- 
ing experiments were performed. Small 
glass tubes were fitted tightly into the 
external auditory canal and sewn firmly 
in place. Bats so equipped could hear 
only those sounds which passed down the 
inside of the tube, and by plugging tliis, 
we could cause deafness without further 
injury. The average score of eight bats, 
with unphigged tubes in their ears, was 
32 per cent. This score is surprisingly 
low, considering the drastic change in 
shape of the auditory passageway caused 
by the glass tube. When the animals 
were made deaf by plugging the tubes 
with cotton threads, their average score 
rose to 67 per cent., and all the symptoms 
previously observed in deaf animals ap- 

inanimate object with the average dimensions 
of a flying bat would strike if thrown at random 
at the barrier. A reasonable estimate is 65 to 
70 per cent. 
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peared at once. Upon removal of the 
threads, each bat immediately returned 
to its previous level of performance. 
Since throughout these experiments, any 
injury or irritation was constant, we 
were forced to conclude that blocking the 
air passage to the bat’s ear was solely 
responsible for the loss of dexterity in 
avoiding. 

Having arrived at this conclusion, we 
turned to a suggestion advanced in 1920 
by Hartridge. lie proposed that the bat 
avoids by emitting sounds which echo 
off from obstacles and return to the ears, 
where these echoes give rise to appropri- 
ate sensations which inform the animal of 
the location of the obstacle. If this 
should be the explanation, we argued, 
then preventing bats from making 
sounds should render them just as help- 
less as plugging their ears. For if both 
sound production and sound reception 
are involved, elimination of either must 
lead to the same result. 

We therefore tested bats which were 
unable to make sounds. They were 
rendered mute simply and quickly by 
tying thread around the snout while the 
jaws were closed. To make certain that 
no sounds whatever could issue from the 
mouth, we also coated the space between 
the lips with collodion. Eight bats, per- 
fectly normal except that they could not 
open their mouths, were completely help- 
less when set free to fly. They fluttered 
slowly and cautiously about, turning and 
twisting, but eventually blundered into 
the wall or wires and fell to the floor. 
They were obviously just as inept at 
avoiding obstacles as their deaf brothers 
had been, and their average score was 
about the same (65 per cent.) . When the 
threads around the mouth were cut, they 
at once flew off, swooping and gliding in 
a perfectly normal manner, and avoiding 
the wires with their previous skill. 

Needless to say, these results excited 
us greatly. We were satisfied that the 
animals were uninjured, able to breathe 
adequately, and fully possessed of all 


faculties except speech. It is common 
knowledge that flying bats only rarely 
emit audible sounds, and yet our results 
clearly indicated that they used sounds 
to direct themselves. This could mean 
only one thing: bats in flight emit and 
direct themselves by sounds which we 
can not hear. Tests were in order, there- 
fore, to see whether this was so. 

Man perceives, as sound, frequencies 
of air vibration lying between about 
twenty and twenty thousand vibrations 
per second. These limits are apparently 
placed upon the human organism by the 
mechanical properties of the ear, and 
‘‘sounds” with frequencies both above 
and below the limits of human hearing 
are known to exist. Below twenty cycles 
per second, air vibrations are “felt” 
rather than heard, and above twenty 
thousand cycles tones are too shrill to be 
audible. By definition, sounds above the 
upper limit of human hearing are called 
supersonic sounds. They can be de- 
tected by a variety of methods, the most 
convenient of which uses a thermionic 
amplifier to convert the supersonics into 
sounds we can hear. Professor G. W. 
Pierce, at the Cruft Physics Laboratory, 
is a specialist in the study of supersonics, 
and it was to him that we turned for the 
apparatus for our next experiment. 

We borrowed from him one of the 
amplifiers which translates supersonic 
into audible sound. We placed it in our 
wire-strung experimental room and liber- 
ated a bat. The machine immediately 
gave out a great chattering clamor which 
continued so long as the animal was in 
the air. When the bat lighted on the 
wall, the chattering stopped, only to be- 
gin again when the animal took wing. 
We repeated this observation again and 
again with the same striking results. 
There seemed now little question that 
bats directed themselves through mazes 
of obstacles by using reflections of super- 
sonic cries. 

In order further to implement this ex- 
planation, we made a study of these 
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supersonic cries. We found them to be 
emitted by more than one hundred bats 
of four different species, thus amending 
the earlier statement of Pierce and Grif- 
fin that fiying bats do not emit supersonic 
cries. The supersonic cries, furthermore, 
usually appear entirely independently of 
the audible cry and consist of a band of 
sound frequencies in the region of fifty 
thousand cycles. Each bat, we found, 
has a supersonic voice peculiar to itself 
as regards which frequencies are emitted 
and their relative intensities. The dura- 
tion of each cry is very brief, being less 
than one fiftieth of a second long. Bats 
on the wall, preparing to fiy, produce 
fewer than ten cries per second, but when 
in flight and especially when the animals 
approach an obstacle, the cries are 
emitted at astonishingly high rates. 

The most important support for the 
theory that the cries play a part in the 
obstacle-avoiding mechanism comes, how- 
ever, from the fact that just before nor- 
mal bats successfully fly past the wires 
an abrupt drop in rate of emission of 
cries takes place. The drop — from about 
fifty to about thirty cries per second — 
is sudden and unmistakable. In cases 
where the bat strikes the wires, this drop 
is rarely observed. And when deaf bats 
fly, the drop in rate never takes place ; in 
fact, deaf animals keep up a constant suc- 
cession of cries at a single monotonous 
rate all the time they are in the air. 

The question at once arose as to the 
source of the supersonic cries. Tying the 
mouth shut renders bats incapable of 
avoiding obstacles, as we have already 
seen ; this is clear evidence that the 
sounds issue from the mouth. To make 
certain of this point we liberated mute 
bats in the room containing the super- 
sonic detector and found the cries to be 
reduced to a very feeble intensity. We 
then demonstrated that the supersonics 
issue only from the mouth by immersing 
all except the head of a normal bat in 
water; the cries were very loud. When 
we immersed only the head, on the other 


hand, no supersonics could be detected 
in spite of the violent struggles of the 
animal. 

The production of supersonic sounds 
by animals is a matter which has received 
practically no study, chiefly because of 
the technical diflBculties involved. Cer- 
tain insects have been shown to make 
supersonic sounds, but they appear usu- 
ally to be merely accidental by-products, 
i,e., harmonics, of the audible chirp. Al- 
most nothing is known about high-fre- 
quency sounds in mammalian cries. We 
were naturally interested to discover the 
way in which the bat cries are produced, 
and to this end we consulted the litera- 
ture for anatomical studies on the bat 
larynx. We found, in a paper by Elias,* 
a complete description of this organ 
taken from species related to ours. Elias, 
writing over thirty years ago, was 
astounded by the excessive development 
of the larynx in bats. The laryngeal 
cartilages have become almost completely 
ossified, and extremely large muscles are 
attached to the voic.e box in such a way 
that their contraction must lead to great 
tension on the vocal cords. The vocal 
cords are different from those in most 
mammals, being very short and tough, 
and extremely thin. Elias concluded 
that all the morphological peculiarities of 
the larynx are directed toward increasing 
the pitch of the cry emitted, and that 
from the anatomical point of view there 
is every reason why the bat audible cry 
should be a very shrill squeak. Prom the 
way he writes, we feel confident that if 
he were told bats actually emit sounds 
of such high pitch as to be inaudible to 
man, he would not be in the least sur- 
prised. 

Let us recapitulate briefly the evidence 
so far advanced for the auditory theory. 
(1) Bats can not avoid obstacles if deaf 
or if unable to use their mouths. (2) 
Bats give voice to supersonic cries. (3) 
A characteristic change in the rate of 
production of the supersonic cries occurs 

4H. Elias, Morph., Jahrh., 37: 70-119, 1907. 
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'when bats avoid obstacles ; this change is 
almost always absent when normal bats 
strike the obstacles, and it never occurs 
when deaf bats fly about. These facts 
can be explained by the auditory theory 
alone, but with them its proof is not yet 
complete. For a fully adequate solu- 
tion, evidence is required that bats hear 
sounds which lie in the supersonic range. 
This evidence has been obtained by re- 
cording cochlear potentials from bats in 
a way which will now be described. 

The ear of mammals has three sepa^ 
rate chambers, named, in order from the 
outside in, the outer ear, the middle ear 
and the inner ear. The inner ear is more 
commonly known as the cochlea, a spiral 
of thin bone containing extremely com- 
plex structures wbicb actually analyze 
sounds.® The most important of these 
structures are probably the cells which 
lie on what is called the bacilar mem- 
brane. These cells, called hair cells, are 
set into motion by the sound waves which 
have been conducted to the cochlea from 
the outside air, and in some as yet un- 
known way they initiate the impulses of 
the auditory nerve which, upon arrival 
at the brain, are eventually interpreted 
as sounds. The hair cells, thus charged 
with transforming physical 'vibrations 
into the stuff of which sensations are 
made, form an important link in the 
chain of events which is the concern of 
the auditory physiologist. 

Some years ago, it was found that 
when sounds fall upon the mammalian 
ear, electrical oscillations arise in the 
cochlea. These oscillations, called coch- 
lear potentials, have been traced to the 
hair cells, and it is now commonly agreed 
that the site of origin of cochlear poten- 
tials is the stimulated hair cell. In order 
to orient the reader to the somewhat com- 
plicated technique of measuring these po- 
tentials, it will be advisable to describe 

5 In this discussion I follow the interpreta- 
tions of S. S. Stevens and II. Davis in their 
book Hearing,” published in 1938. 


briefly the standard technique for ob- 
taining and recording them. 

The cochlea of an anesthetized animal 
is exposed and a strand of wire is placed 
against it. Another wire is placed in 
contact with indifferent tissue — usually 
the skin underlying the incision. These 
two wires, called electrodes, lead to an 
amplifier which magnifies potential dif- 
ferences and activates some type of re- 
cording system (loudspeaker, galvanom- 
eter, etc. ) . Differences in potential occur 
between the two electrodes whenever 
sounds are presented to the ear, and it 
has been found that these potentials 
duplicate the wave-form of the sounds 
with a high degree of accuracy. Thus if 
one speaks into the ear of the animal, the 
voice is clearly recognized as it issues 
after amplification from the loudspeaker. 
The same fidelity of reproduction occurs 
when pure tones are presented, and the 
entire phenomenon disappears when the 
cochlea is destroyed, its circulation im- 
peded, or when the animal dies. 

The relation of the electrical activity of 
the cochlea to hearing is still somewhat 
obscure. The sensation of hearing 
clearly involves many more factors than 
the changes taking place in the auditory 
end-organ, and the question has been 
raised, therefore, as to whether the mere 
demonstration that cochlear potentials 
arise when a sound is made is sufficient 
evidence that the animal hears the sound. 
Attempts have been made to settle this 
point, and, although they have not led 
universally to the same conclusion, it 
may be stated that animals probably do 
perceive only those sounds which cause 
cochlear potentials. The best experi- 
ments, for instance, show that cats and 
dogs respond to sounds up to about 
thirty-five thousand cycles or so, and it 
is possible to record cochlear potentials 
in these forms up to, but not much be- 
yond, thirty-five thousand cycles. Stud- 
ies of this sort have never been made on 
bats. 
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To measure cochlear potentials in bats, 
a supersonic generator which produces 
pure supersonic tones, and a supersonic 
microvoltmeter capable of detecting and 
measuring high frequency cochlear po- 
tentials, were put at our disposal by Pro- 
fessor Pierce. We have been able to 
demonstrate that the bat cochlea pro- 
duces potentials having the same fre- 
quency as the sound wave for sounds up 
to at least ninety-eight thousand cycles.® 
The apparatus used can not measure po- 
tentials of higher frequency than this, 
and there is every reason to believe the 
bat cochlea can convert sound into elec- 
trical waves for still higher frequencies. 
Cochlear potentials have previously 
never been observed in mammals to 
sounds above thirty-five thousand cycles. 
Our results, studied in more than thirty 
bats of four species, clearly offer strong 
support to the theory that bats hear 
supersonic sounds, for it would be a re- 
markable coincidence indeed if the 
highly unusual electrical properties of 
the bat cochlea were not in some direct 
way connected with an ability to perceive 
supersonic cries. 

It is significant to note that this result 
was recently predicted on anatomical 
grounds. Ikeda and Yokote, two Japa- 
nese investigators, concluded from their 
study of the Japanese bat, first, that the 
bat cochlea is unique among mammals in 
having extraordinary morphological pe- 
culiarities in that region of the basilar 
membrane which is excited by sounds of 
high frequency, and second, that these 
peculiarities are of such a nature as to 
make it very likely that bats hear very 
high-pitched sounds. They tried to es- 
tablish this point by experimentation, but 
failed due to technical difficulties. 

Auditory Theory op Bat Obstacle 
Avoidance 

We have seen how three lines of ex- 
perimental evidence converge upon the 

• B. Galambos, Jour, Acoust, 800 , Amer,, July, 
1942 . 


auditory theory as an explanation for 
bat obstacle avoidance. In the first place, 
bats can avoid obstacles only so long as 
they have the use of their mouths and 
ears ; if the ears are plugged or the mouth 
tied shut the animal performs as if with 
no perception whatever of obstacles in its 
path. In the second place, the flying bat 
not only produces cries inaudible to man, 
but in normal bats a correlation is 
demonstrable between the way in which 
the cries are produced and the location 
of the bat with respect to obstacles. This 
correlation is not shown by deaf bats or 
by normal bats which strike obstacles. 
Finally, the bat cochlea generates po- 
tentials when supersonic sounds are pre- 
sented to the ear, a property not pos- 
sessed, at least not to so high a degree, 
by any other known mammalian auditory 
organ.^ 

This experimental evidence can not be 
adequately explained by any theory 
other than the auditory theory. It will 
be necessary, therefore, to present this 
theory in a more specific way. 

We propose the following as a r6sume 
of the auditory theory. The supersonic 
cry of the flying bat permeates the space 
through which the animal will presently 
fly. Objects in that space scatter the 
sound waves, some of which then return 
to the ears of the animal and are per- 
ceived as sound. Some characteristic 
of the pattern of the reflected waves in- 
dicates to the animal the precise location 
of the objectjs, and it then suitably alters 
its course so as to avoid them. 

Many statements in the preceding 
paragraph could profltably be amplified. 
It would be interesting, for instance, to 

f In addition to thtiso three lines of evidence, 
the auditory theory receives support from the 
descriptions of the bat larynx by Elias (foot- 
note 4), the bat ear by Ikeda and Yokote and 
the bat brain (by Poljak). Poljak (Jour, 
Anat,, 60: 465-469, 1925), characterizing the 
cochlear nuclei in the bat brain as ' ' oxceasivcly 
largo” and the optic tracts as so reduced as to 
be almost vestigial, concluded that all the ana- 
tomical facts pointed toward a marked domi- 
nance of the sense of hearing in bats. 
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demonstrate just how the remarkable 
ability of bats to avoid obstacles arises in 
part out of peculiar directional and re- 
flective properties of supersonic sounds, 
and to point out how if bats were to use 
audible sounds this would lead to a very 
much reduced ability to avoid. But only 
one statement will be treated here; 
namely, that some characteristic of the 
pattern of the reflected waves indicates 
the location of the obstacle. What is this 
characteristic, and how does it serve its 
important function? 

There appear to be two ways in which 
the bat might be informed of the exact 
location of the obstacle. Let us assume 
the animal flies head-on toward a wire; 
the echo from the obstacle will arrive at 
both ears simultaneously. If the head 
should be turned slightly to one side or 
the other, however, the path traversed 
by the sound would be slightly longer for 
one ear, and the sound would therefore 
strike the near ear a fraction of a sec- 
ond before it arrived at the far ear. The 
bat, having presumably learned by long 
experience, would know at once that the 
obstacle lies on the side of that ear which 
first perceived the sound. In order to 
locate the obstacle exactly, it would then 
turn its head so as to receive the echo 
simultaneously in both ears. If the bat 
located obstacles by this method, it would 
be using as a cue what is technically 
known as the difference in time of arrival 
of the sound at the two ears. 

But there is another possibility. Let 
us suppose the bat approaches the wires 
with its head turned slightly to one side. 
The echo would travel to the near ear 
by a free, unobstructed path. The far 
ear, on the other hand, with the snout 
and head interposed between it and the 
wire, would lie in a “sound shadow’’ 
cast by these structures. This would 
simply mean that the sound intensity at 
the ear in the shadow would be less than 
that at the other ear, and the bat could 
locate the wire by orienting its head so 


that the intensities at both ears were the 
same. It would thus localize the sound 
source by the so-called intensity differ- 
ence method. 

Either of the above explanations is a 
likely description of the auditory mech- 
anism by which bats locate obstacles,® 
and there appears to be no way at present 
to evaluate them. It would be conveni- 
ent here to resort to the subterfuge 
commonly used by biologists when faced 
with a problem of this sort; namely, to 
render a judgment in a particular case 
by citing experiments on other animals 
where the given phenomenon has one and 
only one explanation. Unfortunately, it 
is not possible to lean on such a device 
here. Dogs, cats, birds, etc., are known 
to possess remarkable powers for locating 
the exact sources of sounds, but no one 
has yet shown that time difference, not 
intensity difference (or vice versa), is 
the sole explanation. Lacking even this 
type of evidence, therefore, we must con- 
clude that time difference, or intensity 
difference, or both, constitute the mecha- 
nism whereby bats determine the precise 
location of obstacles in their path. 

This uncertainty does not weaken the 
auditory theory in the least. The exact 
cue is, after all, a matter of subsidiary 
importance, however interesting it may 
be in itself. Bats possess anatomical 
structures which are peculiarly adapted 
for producing and receiving supersonic 
sounds ; they emit supersonic cries when 
in flight, and they can not avoid obstacles 
if their ears or mouths are covered. Re- 
gardless of how one may choose to ar- 
range these facts, he is driven to conclude 
that the ears serve to direct the bat as 
it flies in the dark. 

« Localization hj the difference in phase 
method is extremely unlikely because of the 
short wave-lengths involved. See Chapter 6 of 
the author’s doctoral dissertation, ‘‘The pro- 
duction and reception of supersonic sounds by 
flying bats,” on file at Widener Library, Har- 
vard University, Cambridge, Massachusetts, for 
a complete discussion of these matters. 
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Sometime we shall be called upon to 
reshape the organization of the world so 
as to insure a lasting peace and promote 
the general welfare of mankind. It is 
well that we begin to think about that 
reorganization and to consider what 
changes, if any, would contribute to the 
welfare and happiness of mankind in 
general, for isolation is no longer pos- 
sible for any part of the globe or any 
section of the human race. Our destinies 
have been for all time united by science 
and invention, which have diminished the 
distances between continents. One of 
the devices which make possible an or- 
derly existence of men in social groups 
is the calendar. 

The calendar by which we measure 
the pas^ge of time and the recurrence 
of the seasons possesses several serious 
defects capable of remedy, if all men 
could reach an agreement as to what 
changes are desirable, and the proper 
time for making them. This, however, 
is not easy of attainment, for our present 
calendar is one of the basic structures 
of our civilization and such structures 
are not easily changed. They constitute 
the framework of all our social institu- 
tions, which has reached its present state 
by a long process of evolution, and such 
a framework, age old in its development, 
should be altered as little as is consistent 
with progress. 

All peoples who have engaged in agri- 
culture of even the most primitive sort 
have felt the need of a system for mea- 
suring time and predicting the recur- 
rence of the proper seasons for planting 
and harvesting crops. Around an agri- 
cultural calendar they have arranged a 
program for religious rites, feasts, dances 
and other celebrations designed to in- 


fluence and propitiate the unseen powers 
thought to control natural processes. 

The most obvious means for measur- 
ing time are the movements of the heav- 
enly bodies, sun, moon and stars. A 
calendar based on one or more of these 
has regularly been formulated by a 
primitive people emerging from barbar- 
ism. 

The most conspicuous of the heavenly 
bodies, the sun, not only defines the year 
from one seeding time to the next, but 
also from one sunrise to the next defines 
the length of the day. Since day and 
night are in the long run of approxi- 
mately equal length, it was natural that 
each should be divided further into 
hours, the number of which was set at 
12 of daylight and 12 of darkness at or 
near the equator, where day and night 
are approximately equal, and where the 
problem first presented itself to the 
human mind. The subdivision of each 
hour into 60 parts, minutes, and each 
minute into 60 seconds is a device handed 
down to us from ancient Babylonia. 

Next in importance to the sun as a 
measure of time is the moon. Its recur- 
rent cycles give us the months, each cycle 
covering about 29J days. Twelve such 
cycles aggregate 354 days or some 11 
days short of a solar year. 

Since the solar year does not corre- 
spond exactly with any definite number 
of lunar cycles, it is impossible to com- 
bine lunar months into a solar year with 
exactness. The nearest approximation 
is obviously a 12-month year, although 
it includes only 354 days. Different 
peoples in their calendars have used 
months of arbitrary length ranging in 
duration from 20 to 31 days. 

The Maya of Central America used a 
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20-day month, although they were aware 
that this did not correspond with a true 
lunar cycle. Their solar year contained 
18 such 20-day months, aggregating 360 
days, a closer approach to the true num- 
ber of days in a solar year than is given 
by 12 true lunar months. The Maya 
added 6 extra days to their 18-month 
year to make a solar year of 365 days. 
These extra 5 days however were not 
deducted from the ensuing month, so 
that the succession of months went on 
independently of the seasons and no 
attempt was made to have them come 
out in harmony. Spring began in what- 
ever month happened to be current, its 
arrival being determined by the align- 
ment of the sun with certain carefully 
placed stones. 

Our present calendar came down to us 
from the Romans who in turn had it 
from the Greeks and Egyptians in large 
part. As revised by Julius Caesar at 
the beginning of the Christian era, the 
Julian calendar consisted of 12 months 
of varying length. The mean length of 
the solar year was recognized on astro- 
nomical evidence as being 365J days. 
Ordinary years were accordingly made 
to contain 365 days and an extra day 
was added in the shortest month, Feb- 
ruary, every fourth year. The month 
of July was so named in honor of Julius 
and it contained 31 days. February was 
assigned 29 days in ordinary years and 
30 in leap-years. But Augustus the suc- 
cessor of Julius renamed the month suc- 
ceeding July, August in his own honor 
and in order to give it equal importance 
with July in the calendar lengthened it 
to 31 days. So it was necessary to bor- 
row a day from the shortest month, Feb- 
ruary, which thereafter had 28 days in 
ordinary years and 29 in leap-years, as 
it still does. 

Thus was arranged the so-called Julian 
calendar which persisted unchanged for 
more than 1500 years, and except for a 
single modification still persists with us. 


In estimating the length of the solar 
year as 365i days, Julius had made it too 
long by 11 minutes and 14 seconds, as 
more exact astronomical observations 
have shown, and in 128 years the error 
would amount to an entire day. The 
erroneous days continued to pile up cen- 
tury after century until in 1582 the mat- 
ter was taken in hand by Pope Gregory 
XIII. He ordered the extra days to be 
cut out, ten of them, bringing the begin- 
ning of the year back to where it was at 
the beginning of the Christian era. To 
provide against a renewed over-correc- 
tion of the calendar by leap years, 
Gregory directed that leap year should 
be omitted in all centenary years except 
those which are multiples of 400. Thus 
the year 1900, though divisible by 4 was 
not a leap year, but 2000 will be because 
it is a multiple of 400. Such is the pres- 
ent status of our calendar. 

According to modern astronomy, how- 
ever, a slight over-correction by leap 
years still persists in the Gregorian 
calendar. To eliminate this it has been 
proposed to make the year 4000 and all 
its multiples common (not leap) years. 
With this modification the beginning of 
the year will not vary from its present 
place in 200 centuries (20,000 years), 
which is good enough! The leap year 
rule, as thus qualified, would run as fol- 
lows: Every year the number of which 
is divisible by 4 is a leap year, excepting 
the last year of each century which is a 
leap year only when the number of the 
century is divisible by four; but 4000 
and its multiples 8000, 12000, 16000, etc., 
are by a further exception common 
years. 

Pope Gregory’s reform of the calendar 
in 1582 was promptly accepted by all 
Roman Catholic countries, but in the 
16th century religious prejudices were 
very strong. Protestant England re- 
fused to take orders from Rome either 
on the calendar or on any other subject 
and thus a desirable reform was delayed 
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in all English-speaking countries for 
two centuries. The Eastern or Greek 
Catholic church was even more obdurate 
and still adheres to the Julian calendar. 
The Julian calendar was in use in the 
North American colonies, as in all other 
parts of the British Empire, until 
shortly before the American Revolution. 
Thus George Washington was born on 
Feb. 11, 1731, of the Julian calendar and 
he himself always regarded Feb. 11 as 
his birthday. But the error in the Julian 
calendar amounted to eleven days when 
Great Britain switched to the Gregorian 
calendar and so Washington's birthday 
became February 22 of the current calen- 
dar. 

A complication in the measurement 
of time and in calendar making, which 
we have not yet considered, is intro- 
duced by the seven-day week. This 
arises not from astronomical but from 
social and religious considerations. Oc- 
casional days of rest and recreation are 
essential in a well-ordered society. In 
various parts of Africa, weeks of four, 
five, six and eight days are observed by 
the natives, usually in connection with 
a recurrent market day. The seven-day 
week originated in western Asia and 
spread to Europe and North Africa with 
the spread of the Jewish, the Christian 
and the Mohammedan religions, which 
agree in having a seven-day week though 
with a different holy or rest day in each. 

Neither the 365-day year nor the 
month of 29 or 30 days is exactly divis- 
ible into seven-day weeks, so that in our 
present calendar each successive New 
Year's day falls on a different day of the 
week. Every other event which falls on 
a particular day of the month falls on 
a different week day in each successive 
year. This is only one defect but a 
serious one of our present calendar, and 
it is capable of eradication in a very 
simple way, as we shall see. 

A second defect of our calendar arises 
from the varying numbers of days in 


the month. In the shortest month, Feb- 
ruary, it is 28 or in leap years 29. In 
certain other months the number is 30 
and in the rest 31. One has to go 
through the lines ‘‘30 days hath Sep- 
tember" etc., before he can feel sure 
how many days there are in the current 
month. ISven then he can not tell with- 
out a calendar of the year before him 
how many Sundays, how many full 
weeks and how many week days there 
are in the month, since these change from 
year to year. All these items are of 
importance to the business man, the 
schools, the churches, the banks, and all 
of us. There should be no uncertainty 
concerning them and there need be none 
under a slight modification of the calen- 
dar, which would make every day in 
every year the same as regards the day 
of the week and the day of the month. 
To bring about this desirable uniformity, 
two different but related plans have been 
proposed. They are known as the 13- 
month calendar (a proposal now with- 
drawn) and the World calendar. The 
13-month calendar would make every 
month of exactly the same length (four 
seven-day weeks) so that it would begin 
on a Sunday and end on a Saturday. 
The number of work days in each month 
would then be the same, except for the 
occurrence of special holidays. The 
standard year would thus consist of 52 
seven-day weeks, would always be^in on 
Sunday and would end on an extra Sat- 
urday as a 365th day. Another extra 
day would be added in leap years. But 
with these desirable features is included 
one serious disadvantage. The year is 
not divisible into equal half years or 
quarters, since thirteen is an odd number 
of months. 

This difficulty is avoided and most of 
the advantages of the 13-month arrange- 
ment are retained in the proposed World 
Calendar. This retains the familiar 12- 
month year, and divides it into four 
quarters of equal length. Each quarter 
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begins on Sunday and ends on Saturday. 
It contains 3 months including 91 days, 
in its 13 weeks. Month dates always fall 
on the same week day from year to year. 
Each month has 26 week days plus Sun- 
days, a uniformity very advantageous to 
business. 

The first month of each quarter begins 
on Sunday and so contains five Sundays. 
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The other two months of the quarter 
contain four Sundays each. Each quar- 
ter thus includes 13 Sundays. 

The first month of each quarter con- 
sists of 31 days (including the extra Sun- 
day). Each of the other two months of 
the quarter consists of 30 days. The 
three months of each quarter are thus 
alike in length except for the extra Sun- 
day of the initial month. 


Each quarter includes 91 days, and 
combined the four include 364 days. An 
extra Saturday, a holiday called Year- 
day follows Dec. 30th and this makes 
the 365th day of the standard year, as in 
the 13-month calendar. 

In leap years an extra Saturday, 
Leap-year day, a holiday, follows June 
30th in the middle of the year, making 
a 366th day. 

A world calendar thus revised would 
be ‘‘balanced in structure, perpetual in 
form and harmonious in arrangement. '' 
Only one group of business men is likely 
to object to it, those who print calen- 
dars, for their business will be greatly 
reduced. Each yearns calendar will be 
the same, except for the extra Saturday 
in the middle of each leap year. Edu- 
cators, scientists, and professional men 
would welcome the adoption of the world 
calendar which would greatly simplify 
the arrangement of schedules and ap- 
pointments. 

Holidays such as Easter could be 
stabilized and given a fixed place in the 
calendar, preferably at the week end so 
as to make 2-day or 3-day periods of 
recreation possible without breaking into 
the working week. Easter of course 
comes on Sunday, Christmas would come 
regularly on Monday, Washington's 
birthday could be moved to the day 
which he celebrated, the 11th of Febru- 
ary, Lincoln's birthday would come on 
the following day, Sunday February 12, 
or if celebrated on Monday, the 13th a 
single national 3-day week-end holiday 
in mid-February would result. Labor 
day naturally falls on Monday, Sept. 4, 
national election day could be fixed on 
Monday, November 6. Armistice day 
might well be celebrated, as in England, 
simply by a 2-minute pause on Saturday, 
November 11th, and Thanksgiving day 
could be stabilized on Thursday, the 16th 
of November, or preferably advanced to 
the 18th, Saturday, or the 20th, Monday. 

The 17th of March, St. Patrick's day 
to Irish Americans, and Evacuation day 
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to all Bostonians, since Washington 
forced the British soldiers out of Boston 
on that date, would fall on Sunday and 
its celebration probably on Monday. 
Only the 4th of July (Wednesday) and 
Columbus day (Thursday) would re- 
main as mid-week holidays widely cele- 
brated in the U. S. 

By way of summary, we may note 
that the chief source of the imperfections 
of our present calendar lies in the at- 
tempt to use simultaneously three dif- 
ferent methods of measuring time (1) 
the solar year of 365 days, (2) the lunar 
month of 30 days more or less, and (3) 
the conventional 7-day week. No two of 
these come out in agreement. 

We can not get away from a solar year 
of slightly more than 365 days, since on 
this the recurrence of the seasons de- 
pends. Our problem then is to bring 
into conformity as nearly as possible 
with the solar year both the months 
and the weeks. Our present calendar 
does neither of these things adequately. 
To make up a year of twelve months 
we have to adopt months differing 
in length by as much as three days, 
which is poor time engineering. To 
make up a year of 365 days we have 52 
seven-day weeks, with one day left over. 
By beginning the next week on this left- 
over day, each successive year begins on 
a different week day. We are confronted 
with the same difficulty as regards the 
day of the week, as confronted the Maya 
regarding the months in relation to the 
year. Instead of skipping the five extra 
days at the end of a year, and beginning 
a new year with a new month, they made 
the five extra days part of a new month 
and thus there was no correlation be- 
tween a particular month and a particu- 
lar part of the year. And we, instead of 
skipping the left-over day at the end of 
the year and beginning the new year 
with a new week, keep the succession of 
seven-day weeks uninterrupted regard- 
less of what it does to our yearly cal- 
endar. 


The difficulty concerning the lack of 
agreement between days of the month 
and days of the week in successive years 
is met in both the proposed 13-month 
calendar and the proposed World calen- 
dar in the same sensible way. The extra 
day at the end of the year is not put into 
a seven-day week, but is made a special 
holiday, a year day or extra Saturday, as 
you choose to call it. The extra day of 
leap years is treated in a similar way, 
as leap year day which does not make 
part of a seven-day week. 

The variation in length of the months 
in our present calendar is obviated in 
a different way in the 13-month calendar 
and the World calendar. In the former 
each month would consist of exactly four 
weeks, 28 days, the total being 364 days, 
with year day not a week day, making 
the 365th. The impossibility of having 
quarter years made up of like numbers 
of months is the chief defect of this pro- 
posed calendar. 

In the World calendar, there would be 
four equal quarter years of 91 days each, 
with one extra year day making the 
365th. 

Every month would contain the same 
number of week days (26) and the same 
number of Sundays (4) except the first 
month of each quarter which would con- 
tain a fifth Sunday, the odd or 91st day 
of the quarter. 

How and when could we change from 
the present to the proposed World cal- 
endar with the least amount of disturb- 
ance to existing conditions! January 1, 
1945 would be a practicable date, since 
that would be the same day of the week, 
Sunday in both calendars. 

Of course no country single handed 
could bring about the change. It will 
have to be by joint action of a large 
part of the civilized world. Already 14 
nations have officially approved the 
World Calendar. In response to a pro- 
posal made by Chile and sent to all 
governments by the Council of the 
League of Nations in 1937, favorable 
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replies were made by six American gov- 
ernments, viz,, Brazil, Chile, Peru, Uru- 
guay, Mexico, and Panama ; as well as by 
Esthonia, Greece, Hungary, Norway, 
Spain, Turkey, Afghanistan and China. 
If the United States and Canada were 
to join with Mexico and the South 
American Republics in adopting the 
World Calendar, it seems highly prob- 


able that the rest of the world would 
soon accept it. There is no religious 
opposition in sight today as there was 
when Pope Gregory instituted his re- 
forms, nor is there ground for political 
opposition. Nothing but the inertia of 
custom holds back a reform which would 
benefit all classes of people, not least of 
all students and teachers. 


MYSTICISM IN SCIENCE 

By Dr. R. S. UNDERWOOD 

PEOrESSOE OF MATHEMATICS, TEXAS TECHNOLOGICAL COLLEGE 


Tense and expectant, the audience 
watches. Quickly the magician opens the 
lid of the narrow vertical box which has 
just closed so suddenly upon his startled 
assistant. There hasn’t been time to 
arrange a trick, and he seems frightened. 
Something must be wrong. It is. The 
girl is gone — vanished. No — there she 
comes out of a far door, no longer in a 
strait-jacket, but pert and free in shorts 
and spangles. 

The tension relaxes. 

‘‘I’m sorry,” explains the magician. 
‘‘I didn’t mean to say ‘hocus pokus’ 
quite so fast.” 

The crowd laughs. It is superior now. 
Everybody knows that the stock magic 
phrase had nothing whatever to do with 
the unaccountable disappearance of the 
girl. 

But suppose the trappings of the act 
had been altered a little. Suppose the 
chief actor had worn an exotic head- 
covering and had called himself a Brah- 
man seer. Suppose he had explained 
gravely that it is possible, by the new 
vibratory technique, to waft his subject 
temporarily into the fourth dimension. 
In that case it is likely that he would 
have gained a credulous convert or two. 
Of course nobody would know for sure 
what he had really meant, least of all the 
seer, but the intriguing name of the ob- 


viously eflPective cause, the redoubtable 
fourth dimension — ^fairly reeking as it is 
with intellectual content — ^would be very, 
very impressive indeed. The prestige of 
science, striking obliquely here, would 
help the subtle explanation to get a 
respectful hearing. Mysticism and sci- 
ence, combined, make a well-nigh ir- 
resistible team. 

For mystery has a glamor of its own. 
Consider the very number of synonyms 
for “mysterious” in my small and 
abridged dictionary; “abstruse, cabal- 
istic, dark, enigmatical, hidden, incompre- 
hensible, inexplicable, inscrutable, mys- 
tic, mystical, obscure, occult, recondite, 
secret, transcendental, unfathomable, un- 
fathomed, unknown.” There, in the 
staid dictionary, you have a glimpse of 
the thought patterns of humanity, of the 
almost tangible awe which clings like a 
persistent cloud about that which is not 
understood. In a page of brief defini- 
tions this sudden deluge of words clearly 
shows where fascination lies. The hu- 
man race is mystic to its very core. 

But obviously an idea so many-faced 
as “mysticism” — so broadly tangled 
with the hopes, fears and confused think- 
ing of mankind, can not go into the 
premise of a logical train of thought un- 
less we compress it somehow into an 
understandable unity. For the purposes 
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of our discussion we must chop the word 
clear of its subtle fringes of meaning. 
Two major ideas will remain, the first 
one signifying utter sham, as pompous 
and pretentious as it is amusing; while 
the second connotation — ^the one which 
remains respectable under scrutiny — is 
the mysticism which lies at the heart of 
modern science. We shall come to that 
later. 

But first of all let it be understood 
that we are not here concerned with the 
simple, folksy brand of mysticism which 
would connect a case of measles with 
the path-crossing activities of the neigh- 
bor’s black cat. Superstition can natu- 
rally have little to do with science, which, 
again according to my dictionary, means 
‘‘knowledge verified by exact observa- 
tion, and thinking which harmonizes 
with that knowledge.” For obviously 
it is not exact observation and exact 
thinking which has established the dubi- 
ous connection between a pinch of salt 
thrown over the left shoulder and a 
subsequent windfall on bank night, or 
between not sitting on a handkerchief 
and a run of flat hands at the bridge 
table. 

No, the mysticism of which we write is 
so far from crude and naive supersti- 
tion that it has actually an intellectual 
front, an air about it, so to speak. It is 
nurtured by scientific phrases and a 
specious imitation of learning. It has a 
subtle, seductive quality which inevita- 
bly traps the would-be sophisticates who 
fawn before impressive but indigestible 
ideas. It is astrology, it is the fourth 
dimension, it is curved space, it is non- 
existent or misunderstood profundity. 
It is the invoking of a cause for a given 
result which merely makes that result 
somewhat more incomprehensible than 
before, like the above use of the “fourth 
dimension” to account for the magician’s 
vanishing trick. It is muddle-headed- 
ness disguised as insight. It is fraud, 
though in its subtler phases it fools us 
all now and then. 


Take astrology, for instance, which ac- 
counts for the rundown condition of 
John A. Pitz as being due to a bad com- 
bination of the planets. This explana- 
tion is not satisfactory to the astronomer, 
who studies the celestial bodies them- 
selves instead of their effects upon the 
human disposition; who misses, some- 
how, the direct connection between 
Mars and the human midriff; and who 
also misses, sometimes quite terribly, the 
cash that he might collect from eager and 
opulent customers who want to know all 
about the planet Saturn and its thrilling 
evil influence. But the explanation, 
nevertheless, may sound convincing 
enough to John A. Pitz himself, who, 
even though moderately well informed 
and equipped for everyday living, does 
not, unfortunately, know enough about 
the planet Jupiter to absolve it of all 
blame for the past affairs of his wife. 
Here (thinks John) is a fellow who 
knows first hand about the stars and 
their effects upon people, and who is 
John A. Pitz to question the findings of 
the savants? After all, science is a 
wonderful thing. Better be safe than 
sorry ; better pay the man for the horo- 
scope. Thus one more victim of scientific 
mysticism pays his tribute to muddled 
thinking. 

And yet the really adult members of 
society will not, for the most part, be 
fooled by this particular brand of mysti- 
cism. While it is conceivable that a 
clerk in the Outer OflBccs of the Grand 
Planner may keep a careful record of 
astrological predictions, and may do his 
level best to bring to pass those which do 
not contradict each other, it nevertheless 
seems evident that this delightful theory 
needs some fairly substantial support 
from unbiased records. And one of the 
more or less patent facts of general 
knowledge is that history is strangely 
lacking in accounts of a mammoth sta- 
tistical campaign, involving the disposi- 
tions and destinies of millions of human 
beings, during which the star prophets 
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got their data. Without such data their 
conclusions would be worthless even if 
they were not absurd to begin with in 
the light of astronomical facts. The in- 
telligent man in the street may not know 
about the absurdity; but he is likely to 
sense the dubious nature of the evidence 
when he learns, sooner or later, that 
astrology and astronomy are not really 
the same, and that it is only the astrono- 
mers who have access to the large tele- 
scopes of the world. Thus he learns that 
the bolstering statistics which the astrol- 
ogers lack are not even now being 
gathered for them. And thus, if he has 
reasonably good judgment, he decides to 
worry along without his horoscope. 

This being the case, we can dismiss 
rather lightly the mysticism of the sky- 
charlatan. He could never, never de- 
ceive the intelligentsia to whom this es- 
say is directed. And incidentally, we 
can explain with airy ease the wide- 
spread vogue of astrology to-day. The 
explanation lies chiefly in the bread-and- 
butter urge of numerous national news- 
papers and magazines to share in the 
golden harvest reaped from the bam- 
boozling of the more lightheaded public, 
together, of course, with the generous 
supply of lightheadedness itself. Surely 
it is astrology which gives the final and 
clinching demonstration of Puck’s pun- 
gent phrase: ‘‘What fools these mortals 
be!” 

But what of the girl who was wafted 
into the fourth dimension? Isn’t this a 
deeper problem ? Since reputable math- 
ematicians often speak quite learnedly 
and seriously of this thing called “four- 
space,” why can’t it be possible that 
physical objects now and then slip out of 
the ordinary three-dimensional frame- 
work which seems to represent reality to 
our limited faculties, and that they be- 
come therefore invisible, though really 
right at hand in the fourth dimension? 
Sounds plausible, doesn’t it? Well, 
there we have a perfect example of the 


illegitimate type of scientific mysticism, 
of the impressive-sounding explanation 
which leaves the explainee two thirds 
addled, half convinced and wholly in the 
dark. The loophole for sanity, as is 
often the case, lies in recognizing the 
prostitution of words. When the mathe- 
matician talks of four, five and n dimen- 
sions he is simply speaking of four, five 
and n independent variables. The three 
dimensions of a room, described roughly 
as length, width and thickness, or up- 
and-down, right-and-left and backward- 
and-forward, represent the first simple 
space concept associated with the word 
“dimension”; and the desertion of this 
concept for a new meaning applied to the 
old word is the cause of the whole sorry 
confusion. It is this change of meaning 
which allows us to speak of time as a 
dimension ; and it is still true that, out- 
side of useless and metaphysical specu- 
lation, there are three and only three 
dimensions of space. The fourth dimen- 
sion of mystic significance is as non- 
sensical as the fourth corner of a tin 
triangle. 

Not that the mathematicians them- 
selves are blameless. Just as they talk 
unfairly about “dimensions” with secret 
reservations in their hearts, so also they 
prate of “four-space,” “five-space” and, 
of course and inevitably, their beloved 
“w-space,” where as many variables as 
they please can shoot out along n mu- 
tually perpendicular lines. Actually 
they know what they are talking about 
(we hope), but again they have swindled 
the public. And sometimes we fear that, 
in their enthusiasm and forgetfulness, 
they may possibly have swindled them- 
selves. 

It all comes about because in “analytic 
geometry’^ they have invented a beauti- 
ful way to illustrate the equations of 
algebra with the points, lines, curves and 
surfaces of geometry. This works won- 
derfully on a plane, where the relative 
sizes of two varying quantities can be 
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illustrated with lines and curves. It 
still works in actual space with its three 
dimensions, in which the illustrating 
figures can be neatly approximated by 
means of strings and paper surfaces. 
But when four or more variables are 
used, this picturing device flatly and 
utterly fails. Yet the investigator finds 
that he can continue to make algebraic 
discoveries by using algebraic devices 
which were suggested by the geometric 
pictures in the cases where those pictures 
applied. Then what does he dot To 
help his thinking, and heedless of the 
fraud he is perpetrating, he denies that 
he has gone out of geometry, and he be- 
gins to talk mystically of such things as 
‘ * hyper-spheres ^ ’ whose intersections 
with planes are spheres. Neither he nor 
any one else can draw pictures of such 
monstrosities. Intoxicated with his 
verbiage, he begins to see Alice-in-Won- 
derland “ four-space on the horizon; 
and soon he putters around in ^‘n-spacc^^ 
as casually as a child with a pile of 
blocks. And by this time he may actu- 
ally have forgotten that his picturing 
device ever did break down, and that he 
is not still using a mystic sort of geom- 
etry in his thinking. 

Please do not misunderstand me. I 
cast no aspersions on the beauty and use- 
fulness of the mathematical results thus 
obtained. My objection is solely to the 
terminology which implies that old- 
fashioned ^‘three-space” is a simpleton's 
illusion and an artificial shackle. Ein- 
stein himself gets along with it, in spite 
of the impression to the contrary. He 
merely points out that a fourth variable, 
time, is needed to locate an event as con- 
trasted with an object. Rightly under- 
stood, there is no mystery here, no realm 
of the ultra-ultra accessible only to the 
mathematician in a trance. With no in- 
tention here of losing the reader in the 
Einstein Theory, we wish merely to 
point out that it would be a much more 
difficult undertaking to lose him physi- 


cally in the mathematician's ‘‘four- 
space.'' 

Mysticism in science, then, as we have 
been describing it, is either pretentious 
fraud, such as astrology, based upon 
borrowed prestige, or else it is a strain- 
ing for weird and meaningless conclu- 
sions which spring from the accidental 
implications of unfortunate technical 
terms. Yet beyond the sham lies the 
reality of patient, respectable scientific 
thought to-day — and what do we find 
there t Why, a new sort of mysticism — 
a legitimate sort. We may describe it 
roughly as attempted explanation which 
awes and baffles because the universe it- 
self happens to be awesome and baffling ; 
and which apparently violates all com- 
mon sense simply because the so-called 
‘ ‘ common sense ” is not infallible. Mathe- 
maticians run squarely into this mysti- 
cism of things-as-they-are in grappling 
with the idea of infinity; astronomers 
meet it in the problem of the nature and 
bounds of space ; and modern physics is 
shot with it from end to end. 

By way of example, the algebra teach- 
er's mild assertion that there is no small- 
est fraction bigger than zero often brings 
a protest from the student's outraged 
“common sense,” though it is not hard, 
in this case, to still the uproar. But in 
the simple explanation, lighted as it is 
with imagination if it be explanation at 
all, a startling new idea must appear. 
As adults let us examine this idea. 

Imagine a point, on the wall of a large 
room, which is nine tenths of the way 
from end A to end B. Then magnify the 
remaining one tenth so that it looks as 
long as the whole room now does, and 
take a second point nine tenths of the 
way to B again. Repeat the process 
over and over, each time magnifying the 
remaining tenth until it covers the whole 
original wall. Soon we transcend the 
world of measurement and reach a realm 
in which the physicist's atom has swelled 
to the vastness of the astronomer's uni- 
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verse. And yet the process continues — 
there is nothing in nature or logic to stop 
it. Inward and inward we march, to 
realms as real, perhaps, as those where 
man is dominant, and yet as far outside 
his instrumental reach as the blankness 
beyond the galaxies. Here lies the uni- 
verse of the minute, as staggering, end- 
less and full of potentialities as the great 
outside itself. Surely here is mysticism 
— legitimate mysticism — inherent in the 
nature of things and glimpsed through 
the magic keyhole of mathematics. 

Illustrations swarm before us. Though 
the conclusions of ‘‘non-Euclidean ge- 
ometry are flawless mathematical de- 
ductions, they might well be considered 
unimportant because their intuitively 
preposterous premises rub the common- 
sense raw; yet some of these theorems 
seem to flt the startling universe of Ein- 
stein. The Einstein theory itself crashes 
through the structure of nineteenth cen- 
tury science founded by geniuses like 
Newton; but its conclusions are not to 
be brushed aside lightly because they 
flout this authority, nor because on flrst 
thought they look so highly unreason- 
able. The theory is intellectually re- 
spectable; make no mistake about that. 
But even here, in the popular explana- 
tions, at least, there is a taint of the more 
reprehensible type of scientific mysti- 
cism, of impressiveness gained through 
a confusion of terms, of statements which 
are false in the sense that they do not 
mean what they seem to mean. But all 


in all, when we examine the theory fairly 
we find, perhaps, that we have to go 
along with it, at least part way, while it 
tampers with time and space, does away 
with gravitation, and wipes out the 
ether through which light was said to 
travel. It is a highly bothersome compli- 
cation of the old simple set-up; but 
nature seems to join Mr. Einstein in 
demanding that we give it heed. 

Thus, in this modern age, mysticism 
once more raises its head. Snatched out 
of the murk of superstition by deeper 
and more accurate thinking, it turns 
calmly on its rescuer and lo, that saving 
science itself goes mystic. For it can 
not escape the universe around it — a 
universe of living things which sprang 
somehow from unfathomed beginnings; 
of forces, such as magnetism and gravita- 
tion and electricity, which can be labeled 
but not really known; of uncanny pro- 
cesses by which the potent magic of 
thought, stemming strangely from the 
sodden gray mass of the brain, creates 
new forms, starts new sequences, sweeps 
inward to the atom and outward to the 
galaxies of space. This it sees, and this 
it reckons with. Never again, perhaps, 
will chastened science expound the facts 
of the case with the smugness of old. 
Like the veriest bumpkin, it now senses 
the mystery inherent in the nature of 
things; with the humblest of men it 
tastes the brew made of wonder, baffle- 
ment and awe-struck recognition of all 
that is yet unexplained. 



HUXLEY’S “EVIL” INFLUENCE 
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Ten years ago self-appointed critics of 
Thomas Henry Huxley expressed the 
opinion that “the evil that a man of 
Huxley’s calibre left to live after him 
will never be measured.”^ After read- 
ing such an estimate the author under- 
took to “measure” Huxley’s “evil” in- 
fluence on his many friends and enemies. 
The results of his research are embodied 
in the present paper. 

In order to show the influence which 
Huxley exercised among his students, 
a few representative tributes will be 
quoted. However, it is to be noted that 
most of these represent the opinions of 
students whom he encouraged to con- 
tinue in some branch of science and who 
later became known in their field. The 
tributes of that great body of unknown 
students have never been heard, but we 
may well believe that the sentiments 
which they would express would sound 
no discord with the major chord which 
we shall strike. 

That it was not the laboratory system 
alone that made Huxley a great teacher 
is shown by the appreciative words of 
Professor W. J. Solas, who was his stu- 
dent before the advent of the laboratory 
teaching : 

It was never my privilege to know Huxley as 
a friend ; he was my teacher, that was all ; with 
reverence and affection I worshipped from afar. 
Now as I look back over a long life, I feel, while 
recognizing how great is my debt to my many 
distinguished teachers, that I owe to him more, 
both morally and intellectually, than to any 
other 1 can name.^ 

Henry Fairfield Osborn also seems to 
have been influenced more by Huxley’s 

ij. H. Massingham and Hugh Massingham, 
ed., ‘ * The Great Victorians, * * pp. 227-238. New 
York: Doubleday, Doran and Company, Inc., 
1932. 

* W. J. Solas, Nature, 116: 748, May 9, 1925. 


lectures than by his laboratory system, 
since, as he tells us, Huxley came through 
the laboratory not more than once a 
week. “Breadth and depth, culture from 
every source, lack of dogmatism, faith in 
the educational value of science without 
prejudice to the classics, these,” Osborn 
felt, “were the keynotes of Huxley’s in- 
fluence as a teacW and writer.”® In 
appreciation of this influence he dedi- 
cated his work on “The Age of Mam- 
mals” “to the memory of Balfour^ and 
of Huxley, my chief teacher in compara- 
tive anatomy.”® While at Columbia 
University Osborn used his “old master, 
Huxley” as a center for some remarks 
concerning a liberal education.® 

Professor S. H. Vines, who introduced 
the Huxleyan system to Cambridge, re- 
ceived his training both as a student and 
demonstrator under Huxley. And ac- 
cording to his own testimony, “it was 
altogether a memorable experience, an 
invaluable apprenticeship in the art of 
teaching science.”^ Another of Hux- 
ley’s demonstrators, T. Jeffery Parker, 
could not decide “whether a professor 
is usually a hero to his demonstrator, 
but he did know that he had “never 
ceased to be impressed with the manli- 
ness and sincerity of his character, his 
complete honesty of purpose, his high 
moral standard, his scorn of everything 
mean or shifty, his firm determination to 

8 Henry Fairfield Oeborn, Nature, 116 : 726, 
May 9, 1925. 

4C/. p. 4. 

8 Henry Fairfield Osborn, * * Impressions of 
Great Naturalists, “ p. 71. New York: Charles 
Scribner’s Sons, 1924. 

8 Henry Fairfield Osborn, ' * Huxley and Edu- 
cation,” New York: Charles Scribner’s Sons, 
1910. 

7 S. H. Vines, Nature, 115: 715, May 9, 1925. 
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speak what he held to be truth at what- 
ever cost of popularity.’’® 

In addition to those previously men- 
tioned, many other representative biolo- 
gists were directly trained by Huxley. 
Among these we may mention Saville 
Kent, C. Lloyd Morgan, George B. 
Howes, W. Newton Parker,® Patrick 
Geddes, Angelo Heilprin and Angelo 
Andres. These serve to show Huxley’s 
ability not only to single men out but 
also to inspire them to investigate the 
problems which were pressing for solu- 
tion. Moreover, since the majority of 
them became professors of biology, they 
have spread Huxley’s influence as a 
teacher over the globe. One of them, 
Professor Howes, continued Huxley’s 
work as professor of biology in the Royal 
College of Science. 

It is a curious coincidence that men 
who frankly and freely express their 
indebtedness to Huxley became profes- 
sors in the biological sciences at both of 
the old English universities. This fact, 
as well as the offer to Huxley himself 
of the Linacre professorship of physi- 
ology at Oxford on the death of Pro- 
fessor Rolleston,^^ well illustrates the 
change which had come over the uni- 
versities even in Huxley’s lifetime. 
Both Michael Poster and E. Ray Lan- 
kester were demonstrators for Huxley 
during the introduction of the labora- 
tory system at South Kensington. Pos- 
ter later went to Cambridge and Lan- 
kester to Oxford. 

During the first Huxley lecture at the 
Charing Cross Hospital Medical School, 
the school where Huxley received his 

8 Quoted from the reprint of Parker 's Recol- 
lections to be found in Tjeonard Huxley, ‘‘Life 
and Letters of Thomas Henry Huxley, * * Vol. II, 
pp. 447-448. New York: B. Appleton and Com- 
pany, 1901. 

« For the first four names, cf, Henry Fairfield 
Osborn, ‘ ‘ Impressions of Great Naturalists, ' * p. 
70. New York: Charles Scribner’s Sons, 1924. 

10 For the last three names, c/. Patrick Geddes, 
Nature, 115: 740-74.3, May 9, 1925. 

11 Cf, Leonard Huxley, op, cit., Vol. II, p. 32. 


medical training. Sir Michael Foster 
said: 

If I venture to say that the little which he 
who is now speaking to you has been able to do 
is chiefly the result of Huxley’s influence and 
help, it is because that only illustrates what he 
was doing at many times and in many ways. . . . 
His indirect influence was perhaps greater even 
than his direct. 12 

Huxley always felt that he had dis- 
covered Poster, and it was Poster who 
discovered Francis Balfour, the young 
investigator whom we have already men- 
tioned in connection with the joint dedi- 
cation of Osborn’s work on ‘'The Age of 
Mammals.” At the time of Balfour’s 
tragic and untimely death in the year 
in which Darwin died, Huxley wrote : 

Heavy blows have fallen upon me this year in 
losing Darwin and Balfour, the best of the old 
and the best of the young. I am beginning to 
feel older than my age myself, and if Balfour 
had lived T should have cleared out of the way 
as soon as possible, feeling that the future of 
Zoological Scienct} in this country was very safe 
in his hands.^^ 

It was the elder Lankester who ex- 
tended the original Huxleyan plan of 
beginning with the simple forms in 
biology and progressing to the more com- 
plex types. His son, E. Ray Lankester, 
spread the system to Oxford. He tells us 
that ever since he was a little boy Huxley 
had been his “ideal and hero.” After 
Huxley ^s death he wrote: 

There has been no woman or man whom I have 
met on my Journey through life, whom I have 
loved and regarded as I have him, and I feel 
that the world has shrunk and become a poor 
thing, now that his splendid spirit and delight- 
ful presence are gone from it.i« 

Even those from whom Huxley was at 
times estranged because of a fundamen- 
tal difference in view-point are able to 
express appreciation for his teaching. 
St. George Mivart, the biologist, who ac- 
cepted the Roman Catholic faith and, 

12 Michael Foster, ‘ ‘ Recent Advances in Sci- 
ence, and Their Bearings on Medicine and Sur- 
gery,” Smithsonian Iteport, p. 363, 1896. 

18 Leonard Huxley, op, cit,, Vol. II, p. 420. 

1 * Ibid., p. 41. 

18 Ibid,, p. 447. 
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after trying to reconcile evolution with 
it by a theory of derivative creation, was 
finally excommunicated, says of Huxley ; 

It is almost needless to say that his teaching, 
both its manner and method, made a profound 
impression on me.^o 

Mivart had studied biology before he 
came to Huxley. He was therefore per- 
mitted to attend lectures as ‘‘an honor- 
ary student.*’ However, in his Remi- 
niscences he writes : 

As to science, I learnt more from him in two 
years than I had acquired in my previous decade 
of biological study. 1 7 

So he later sent his son to Huxley that 
he too might profit by such instruction. 

Thus far, we have drawn our tributes 
largely from those who were primarily 
interested in biology. But Huxley’s in- 
fluence is attested also by students whose 
major interests were not in the field of 
science. As a representative of this class 
we may quote the impression which Rev- 
erend E. P. Russell, curate of a London 
parish, gives of Huxley : 

When, like Marcus Aurelius, in the evening of 
my life I look back upon past years and count up 
the names and benefactions of those to whom I 
owe so much, I find myself dwelling with espe- 
cial gratitude upon the name of Thomas Henry 
Huxley, what he was and what ho did; for from 
him I learned, so far as I was capable of learn- 
ing, not only the principles of biology, and of 
the scientific method, but also, from his example, 
such high qualities as the habit of observation, 
accurate and intense, of patience and thorough- 
ness in all wo undertook, and — I would add — of 
courtesy to strangers.is 

The foregoing list of students and lab- 
oratory associates is not intended to be 
exhaustive but only representative. It 
is impossible to give even a brief word of 
appreciation from all of Huxley’s stu- 
dents who have expressed them. More- 
over, we must ignore possible influences 
on such men as P. 0. Bower and D. H. 
Scott, Marshall Ward and Alexander 
St. Hcorge Mivart, The Nineteenth Century, 
42: 988, December, 1897. 

17 Hid., p. 991. 

F. Russell, Nature, 115: 752, May 9, 

1925. 


mac Nab, Burdon-Sanderson and H. 
Newell Martin.^® However, since Hux- 
ley’s influence was exerted not only 
through his students and those who as- 
sisted him in their guidance, but also 
through his many friends and corre- 
spondents, this paper would be incom- 
plete without a word concerning the 
closest of these. 

Huxley’s friends and correspondents 
included some of the greatest thinkers of 
the nineteenth century. With some of 
these he formed life-long friendships in 
which the influence was reciprocal. The 
influence of Charles Darwin on him is 
too well known to require further com- 
ment, but it is not unlikely that Huxley 
also exerted an influence on Darwin. 
That Darwin valued his opinion is shown 
by the fact that Huxley was one of three 
judges, Sir Charles Lyell and Sir Joseph 
Hooker being the other two, upon whose 
decision as to the merits of the “Origin 
of Species” he determined to abide.®® 
After his favorable verdict, Huxley be- 
came the “general agent” and “bull 
dog” for Darwin, and was easily the 
most aggressive of the judicial trio in im- 
parting the essentially creative thought 
of the book to the world. That Darwin 
valued the generalship of Huxley is 
shown in an aj)preciative letter which he 
wrote to him before the tide had turned : 

The pendulum is now swinging against our 
side, but I feel positive it will soon swing the 
other way; and no mortal man will do half as 
much as you in giving it a start in the right 
direction, as you did at the first commence- 
ment . 21 

The pendulum did “swing the other 
way,” as almost any schoolboy is now 
aware. That it did is due not only to 
Darwin and Huxley, but also to Sir 
Joseph Hooker, Alfred Russell Wallace 
and Herbert Spencer. Of this latter 

These men served either as students or assis- 
tants under Huxley at different times. Cf. F. O. 
Bower, Nature, 115: 712-714, May 9, 1925. 

20 Francis Darwin, “The Life and Letters of 
Charles Darwin. “ Vol. I, pp. 529-530. New 
York: D. Appleton and Company, 1911. 

21 Francis Darwin, op. cit., Vol. II, p. 328. 
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trio, Hooker was probably closest to 
Huxley. For over forty years these two 
friends worked together with never a 
misunderstanding. Time after time each 
sought and gave advice. Almost a hun- 
dred letters from Huxley to Hooker 
have been collected by the former’s 
son.** That Hooker was not influenced 
would be inconceivable. If space per- 
mitted many evidences of this influence 
could be cited, but we must content our- 
selves with just one instance. Even 
after his first interview with Huxley, 
Hooker felt that with reference to the 
Salpae, a much misunderstood group of 
marine Hydrozoa, Huxley’s ‘‘observa- 
tions on their life-history, habits and 
affinities were on almost all points a 
revelation”** to him. 

Although Huxley and Wallace met 
only on rare occasions and corresponded 
even less frequently, Wallace sums up a 
lifelong impression of Huxley in one 
sentence which we shall quote as repre- 
sentative of his feeling : 

I owo him thanks for much kindness and for 
assistance always cordially given, and although 
we had many differences of opinion, I never 
received from him a harsh or unkind word.** 

While Spencer quarreled with Hux- 
ley, as indeed he did with many of his 
friends at one time or another,** he re- 
garded their friendship as “an impor- 
tant factor” in his life.** The proofs 
of the “First Principles” were sub- 
mitted to Huxley for his criticism.*^ 
Spencer felt that Huxley was “too yield- 
ing” in the sense that “if he is asked to 
undertake anything, either for the bene- 
fit of an individual or with a view to 

** These are chronologically indexed in Leon- 
ard Huxley, op. cit., Vol. II, pp. 51S-520. 

*8 Leonard Huxley, op. dU, Vol. I, p. 232. 

** Leonard Huxley, op. oit., Vol. II, p. 432. 

*8 Maynard Shipley, Open Court, 34 ; 262, 
April, 1920. 

ao Herbert Spencer, * ' An Autobiography, ' ^ 
Vol. I, p. 466. New York; D. Appleton and 
Company, 1904. 

*7 Herbert Spencer, op. oit, Vol. II, pp. 653- 
656. 


public benefit, he has difficulty in saying 
no.”*® But Spencer concludes that he 
should not “comment on this undue 
yieldingness and undue devotion to work 
which follows it” because he often be- 
trayed Huxley into them by seeking his 
criticisms.*® 

However, Spencer probably relied 
more on the judgment of John Tyndall 
than he did on Huxley’s criticisms. The 
final drafts of most of his writings seem 
to have been submitted to Tyndall for 
his approval.®* For forty years the 
emotional Irishman and the reserved 
Englishman indulged in their intellec- 
tual companionship from afar. And 
this absence of frequent personal contact 
probably explains the length of the 
friendship. But the friendship of Tyn- 
dall and Huxley was even of longer 
duration than that of Tyndall and Spen- 
cer, since indeed it was Huxley who 
introduced Tjnidall to Spencer.®^ More- 
over, it was more of an intimate com- 
panionship than that of Spencer with 
Tyndall. Although Hxixley could not 
claim Tyndall’s birthyear as his own, as 
Spencer could, the two had many things 
in common. They were almost as 
brothers, and were often confused in 
the popular mind. Thus, although Hux- 
ley had been married for over twenty 
years in the year of his visit to America, 
the newspapers reported him as on his 
honeymoon with a titled bride. The fact 
was that Tyndall had married the daugh- 
ter of an English Lord in this same year. 
Some years later Huxley wrote to Tyn- 
dall, informing him that he had “given 
up the struggle against the popular belief 
that you and I constitute a firm.”®* 
Throughout their lives the English biolo- 
gist and the Irish physicist worked to- 
gether for the recognition of science. 

28 Herbert Spencer, op. cit., Vol. I, pp. 467- 
468. 

20 Ihid., p. 468. 

30 Maynard Shipley, op. oit., p. 263. 

81 Herbert Spencer, op. dt., Vol. I, p. 486. 

32 Leonard Huxley, op. oit., Vol. II, p. 274. 
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In 1864 Huxley felt that he and his 
friends were gradually drifting apart 
because of the stress of circumstances, so 
he proposed to Hooker that some kind 
of a regular meeting be established. 
Whereupon eight friends resolved to 
dine together once each month. These 
included an old quartet whom we have 
met : Huxley, the zoologist and later dean 
of the Royal College of Science ; Hooker, 
the botanist and later director of Kew 
Gardens ; Tyndall, the physicist and 
later superintendent of the Royal Insti- 
tution ; and Spencer, the philosopher and 
later the author of the ‘^Synthetic Phi- 
losophy.” The new quartet we must in- 
troduce : Edward Frankland, the chemist 
and later professor of chemistry at the 
Royal College of Science; George Busk, 
the anatomist and later president of 
the College of Surgeons; Thomas Hirst, 
the mathematician and later director of 
naval studies at the Royal Naval College, 
Greenwich; John Lubbock, the archeolo- 
gist and later the author of ^‘Prehistoric 
Times.” At the second meeting of the 
club William Spottiswoode, “who car- 
ried on the business of the Queen’s 
printer,” became the ninth member of 
the group.®* No more members were 
ever added because it was agreed that 
the name of any new member suggested 
must contain “all the consonants absent 
from the names of the old ones.” Thus, 
“the lack of Slavonic friends . . . put 
an end to the possibility of increase.”®* 
For a name the group “accepted the 
happy suggestion of our mathemati- 
cians,” says Huxley, “to call it the X 
club; and the proposal of some genius 
among us, that we should have no rules, 
save the unwritten law not to have any, 
was carried by acclamation.”®® 

We have taken the time to give an 
outline of the X-Club not so much bc- 

This enumeration is based upon that given 
in Leonard Huxley, op. cit., Vol. I, pp. 277-278. 

Thomas Henry Huxley, The Nineteenth 
Century, 85: 10, January, 1894, 

Loo, cit. 


cause of the influence of the club, 
although this was considerable, as to 
show the influence of Huxley on his 
friends. Such a group gave him a train- 
ing quarter, so to speak, from which 
officers for the scientific cause would be 
drawn. As teachers their students 
would be taught to acquire “right 
ideas.” This was the influence which 
Huxley indirectly exerted on a group, 
unique in the intellectual eminence of 
its members. All except Spencer were 
fellows of the Royal Society ; three 
became presidents of the Royal Society ; 
five received the Royal Medal ; three were 
recipients of the Copley Medal ; six were 
elected to the presidency of the British 
Association for the Advancement of 
Science. Once each month these eminent 
representatives of eight branches of sci- 
ence and its philosophy dined together; 
often they entertained eminent guests, 
including Darwin, Clifford, Strachey, 
Bain, Morley, Galton, Agassiz, Youmans, 
Gilman, Marsh and Helmholtz; during 
the summer week-end excursions of the 
X’s and their yr’s would widen the com- 
munity of interests. For nineteen years 
these friends were able to enjoy their 
reciprocal influences before death broke 
the circle of friendship. And before 
nine more years had passed three of the 
links were missing and the chain so 
weakened that it was discarded. 

However, Huxley’s influence was ex- 
erted through other than scientific chan- 
nels. He visited Benjamin Jowett, Mas- 
ter of Balliol, at least once each year. 
Dean Stanley and Charles Kingsley were 
two of his most sincere friends. His 
letters to the latter are some of the most 
revealing of his utterances. He even 
numbered the poets among his friends. 
Alfred Lord Tennyson, whom he met at 
various times at the Metaphysical So- 
ciety, described him as “chivalrous, 
wide, and earnest, so that one could not 
but enjoy talking with him.”®® 

BoHaUam Tennyson, Alfred Lord Tenny- 
son,'' A Memoir, Vol. II, p. 110. New York; 
The Macmillan Company, 1898. 
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With all his friends, Huxley also had 
his enemies. Richard Owen he had de- 
throned from his position of authority 
in anatomy; the Lord delivered Samuel 
Wilberforce into his hands at Oxford; 
he had made short work of Gladstone’s 
rhetoric. Huxley places this triumvirate 
in the same class, *‘a very curious type 
of humanity, with many excellent and 
even great qualities and one fatal defect 
— ^utter untrustworthiness. But it 
was this defect against which Huxley’s 
passion for truth revolted. No com- 
promise was possible. 

If Huxley had his enemies at home, he 
also had his friends abroad. In America 
President Daniel Coit Gilman valued his 
advice with respect to the incumbent for 
the first chair of biology at Johns Hop- 
kins University. In Germany Ernst 
Haeckel built upon his foundations. In 
Italy Dohrn was an appreciative corre- 
spondent. As representative of this 
group of foreign friends, we shall quote 
the tribute which Haeckel’s countryman, 
R. Virchow, paid when he delivered the 
second Huxley lecture at the Charing 
Cross Hospital Medical School. On this 
occasion Professor Virchow said ; 

In truth, the lessons that I received from him 

87 Leonard Huxley, op, cit,, Vol. II, p. 302. 


in his laboratory — a very modest one according 
to present conditions — and the introduction to 
his work which I owe him form one of the 
pleasantest and most lasting recollections of my 
visit to Ken8ington.88 

The many tributes to Huxley which we 
have quoted in the preceding paragraphs 
tend to show the influence which he ex- 
erted through his many students, asso- 
ciates, friends and correspondents. His 
practices were imitated, his lectures and 
writings were quoted, and his life became 
a lesson which others studied, an example 
which they tried to follow. In the face 
of the statement of our critics, it is im- 
portant to note that the tributes stress 
Huxley’s moral influence as often as they 
do his intellectual. Thus, Parker was 
impressed with his ‘‘high moral stand- 
ard”; Solas expresses his debt as both 
moral and intellectual ; and many of the 
other tributes imply traits which are 
recognized as essential to any system of 
morality. But the reader can judge for 
himself whether the lives of these influen- 
tial men who have expressed so great a 
debt to Huxley or the empty rhetoric of 
critics shall constitute the greater evi- 
dence of Huxley’s real influence. 

88 B. Virchow, ‘ * Kecent Advances in Science, 
and Their Bearing on Medicine and Surgery." 
Smithsonian Report^ pp. 571-572, 1898. 
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MEDICAL RESEARCH* 

Something may happen in the ecto- 
derm when it folds in to make the human 
brain so that the individual possessinj? 
that brain has such an abnormal amount 
of curiosity and intellectual ability that 
he becomes what we know as a “re- 
searcher.*^ This unique and not too 
widely distributed capacity lays out the 
paths aloiip: which nearly all our human 
advances are made. In the last fifty or 
sixty years, research ability in the field 
of medicine has taken advanta^^e of the 
discoveries of physical and biolotrical 
sciences and has "one ahead at a pre- 
posterous rate, compared with such prog- 
ress in the past. 

To study this type of research ability, 
to review the qualities of* the medical 
research worker, to bring out the rela- 
tionships between the universities, the 
foundations and medical reseandi, is the 
object of these lectures delivered by Dr. 
Oregg ou the Terry Foundation at Yale 
University. Dr. Gregg has a uniquely 
urbane and brisk style of writing. lie 
fills his pages with apt quotations drawn 
from his wide reading and experience, 
but fundamentally his lectun^s have that 
particular quality which is known as 
“horse sense.** It is this that makes his 
book of substantial value. 

Dr. Gregg has had the chance to .see 
new plants develop for medical schools, 
and with new buildings and new admin- 
istrative responsibilities research by 
some of the best workers rapidly dimin- 
ish. He has come in contact throughout 
the world with that peculiarly important 
atmosphere that is created by a research 
group. He, too, realizes the inevitable 
wastage of experimental research. Tests 

1 The Furtherance of Medical Research. Alan 
ix + 129 pp. $2.00. 3941. Yale Uni- 

vewity Press. 


and experiments (iost niouc3% and often 
the results are nil or practically nil. In 
this expensive field of research the uni- 
versities and the foundations have done 
much together. I think that Dr. Gregg *s 
emphasis on tin* importance of fellow- 
ships is correct. In the long run, re- 
search is a wager on the capacity of men 
to grow and to continue their interest 
and enthusiasm in discovering new 
things. The foundations have gone a 
long way to establish the sf)irit of re- 
search and to support men who .seemed 
likely to be most successfuli At times 
they have seen their money go into dry 
holes; dust pockets are found in medical 
research as well as in oil fields. 

The aim of the foundations to empha- 
size more local and university support as 
the foundations move to other fields is 
well brought out by Dr. Gregg. The 
WM^aning process is in many ways the 
most important element in developing 
research. To wean a research worker 
from foundation aid because he himself 
has become unproductive, or to pass him 
over to some other established institution 
because of his achievement, is necessary 
if medical research is constantly to go 
forward. Nuclei of research are thus 
spread over the country and the world. 
New' men and new areas of interest must 
constantly be found. It is here that the 
foundations have their most significant 
opportunity. Fundamentally research 
depends upon surplus time and in a 
teaching institution upon overstaflBng 
w'ith men capable of research and enthu- 
siastic for it. 

Dr. Gregg’s book is a real contribution 
to the furtherance not only of medical 
research but of all other forms of re- 
search as well. 

Ray Lyman Wilbur 
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INFORMATION FOR THE AIR 
NAVIGATOR! 

This book is unique in that it com- 
bines in one volume all the subjects of 
vital importance to the navij^ator in the 
air — ^navijrational astronomy, maps and 
weather. In fact, it was prepared at the 
request of the Army Air Corps Flying 
Training Command, in pursuance of a 
plan for training in mathematics and the 
physical sciences that extends from high 
school through college. The committee 
that outlined the course for the Army 
Air Corps w^is appointed by Dr. Forest 
K. Moulton, and the author of this book 
was named a member of the committee. 

Dr. Wylie is {)rofessor of astronomy in 
the University of Iowa, where his years 
of practical experience in teaching have 
given him an excellent background for 
the writing of such a book as this. 

The first part, consisting of six chap- 
ters, treats of the celestial si)here and 
its fiindamejital circles; the earth, its 
motions and its atmosphere; the change 
of seasons and the calendar; the constel- 
lations and the navigation stars. Both 
northern and southerji circumpolar star 
charts are included, besides twelve excel- 
l(‘ut star chai’ts for 40 degrees north 
latitude. For o\ir fliers in southern lati- 
tudes, it would have been helpful to 
have had charts for latitudes below the 
equator, since the constellations ajipear 
and ‘^behave’’ so ditferently where Orion 
and others are “ U])-side-dowm. ” 

The second i)art, consisting of three 
chapters, treats of meteorology — winds, 
weather, clouds and weather forecasting. 
Beautiful photograj)hs of the various 
types of clouds and other atmospheric 
phenomena arc shown. 

The third part, also consisting of 
three chapters, treats of maps and map- 
making, longitude and time, and celestial 
navigation. In this section the text is 
1 Afttronomy, Maps and Wcalher, C. C. Wylie. 
Tlluatrotod. x + 449 pp. 1942. Harper and 
Brothers. 


supplemented by numerous helpful illus- 
trations. 

The fourth part, consisting of eight 
chapters, is really a survey course in 
general astronomy, and is not to be con- 
sidered a “required’' part of the course. 
Presumably it has been included for 
those pilots and navigators, who may not 
have had a n'gular course in astronomy, 
but who may become interested in know- 
ing more about the s\in, moon, planets, 
stars and galaxies. 

There an* several small mistakes which 
will doubtless be corrected in future 
printings. Perhaps the most serious is 
the statement on page 219 that “the 
astronomical day commences at noon of 
the civil day of the same date.” The 
so-called “astronomical day” begins at 
midnight, and this has been true since 
January 1, 1925. 

The book is most attractive, the more 
so on account of the abundant excellent 
illustrations. It is i)ractical and well 
suited for its purpose. 

ChYim Fisiieu 

STRATEGIC MATERIALS AND 
NATIONAL STRENGTH! 

Tiik Federal Government itself has 
not done a great deal to enlighten the 
public as to the reasons for the (uirtail- 
ment of various supplies bei*ause of the 
war. Of the several books which liave 
appeared from private sources in the 
last few months on the general subject 
of w^ar-time shortages, “Strategic Mate- 
rials and National Strength” by Harry 
N. Holmes, de.spite its heavy title, is one 
of the smallest. For the general layman 
it is one of tlie more satisfactory books 
of this group since it makes rather clear 
in abbreviated and non-technical form 
the reasons for the need of wartime 
rationing of household and family sup- 
plies, as well as for the strict allocation 
of the materials of war industry. 

1 Siratryic Matrrials and National Strength, 
Harry N. Holmes. Tlluatrntod. v + 106 pp. 
$1.75. November, 1942. Maemillan Company. 
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An impression of authority and aeeii- 
ra(*y surrounds the writing, for Dr. 
Holmes is professor of ehemistry at 
Oberlin and is eurrently (1942) presi- 
dent of the Ameriean Chemieal Society. 
The style of writing is terse; some might 
call it concise, others abrupt. The 
inside-covers of the volume have maps 
showing the chief foreign sources of 
strategic materials; otherwise the book is 
scajitily illustrated. 

In addition to listing strategic mate- 
rials, and describing the changes in re- 
(juirements since 1917, Dr. Holmes gives 
ijiterestiiig chapters on the development 
of synthetic rubber and of new sources 
of natural rubber, on the ‘‘Metals of 
Mars,’^ on foods, vitamins and clothing, 
and on many other mat(»rials which 
affect all of us. There is even one chai)- 
ler on “Fortunate Abundance.” It is 
a commentary on the rapidity of chang- 
ing conditions that a book written in 
May, 1942, mentions the fuel oil shortage 
only iji these terms: “Heavy loss of 
tankers and inadequate pipe lines com- 
bine to create a liquid fuel shortage in 
some eastern states” (p. (i2). 

An imi)ortant [)urpose of the book is 
to present the need for guarding the 
future. Dr. Holmes believes that several 
things might, and should, be done to pre- 
vent the future repetition of the strin- 
gencies of the present. The principal 
task should be the creation of .stock-piles 
of strategic matej'ials as soon as the war 
is over. Perha|)s “reservoirs” is a bet- 
ter word since the materials need not be 
static, though held in reserve for emer- 
gency use. Material reserves rei)resent, 
in Dr. Holmes^ opinion, such an impor- 


tant national strategic potential that he 
believes they might actually control the 
balance of power and, assuming a con- 
tinuation of our American inclination 
toward peace, prevent the recurrence of 
war. 

A. C. SWIN NEKTON 

TURTLES OF THE UNITED STATES 
AND CANADA' 

The author has made this book an ex- 
cellent natural history of the turtles of 
the United States and Canada for the 
many who have kept or do keep pet 
turtles in the bathtub, for the layman 
and the naturalist. 

There are chapters dealing with the 
structure and relationship of a group of 
reptiles some 175 million years old and 
still thriving; others on food and feed- 
ing, enemies and defense, relation to 
man, and even on the care of baby 
turtles. Keys for the identification of 
the different groups and the species are 
so excellent that one deplores their ab- 
sence in certain cases, and identification 
is made comj)aratively simple by the 
ninety-nine excellent photographs of liv- 
ing specimens, mo.st of them taken by 
Mark Mooney, Jr. 

After a discussion of turtles in general 
and their classification, each species is 
described with notes on habits and dis- 
tribution. There is a good bibliography, 
and a list of all known species of the 
territory considered, with common and 
.scientific names and a helpful index. 

A most welcome book. 

W. M. Mann 

1 Turth‘i< of Ihc Vnilvd Staff's and Canada. 
riiffovd TI. Pope. llluRtnited. jx + 337 pp. 
.1J3.75. VXn). Alfred A. Kiiopf, Inc. 





THE PROGRESS OF SCIENCE 

FRANZ BOAS, ANTHROPOLOGIST 


When Franz Boas died on December 
21, 1942, he had Jong: been a historic 
figure. To appraise his services to an- 
thropologry, then, seems comparatively 
easy. However, to render that <*ontribu- 
tion intelligible to a wider public is a 
formidable task. For Boas was not the 
bearer of any simple new message. 
Thousands, it is true, have been im- 
pressed by his championship of the 
lower” ra(*es, and that fact renders his 
place secure in the intellectual history 
of the times. But though he discussed 
the issue in the light of modern knowl- 
edge, his position — long anticipated by 
earlier thinkers — constitutes, from a i)ro- 
fessional angle, a lesser claim to distinc- 
tion. In short, his greatness rests not 
on some one startling discovery, but on 
the totality of his output, the total im- 
pact of his personality upon the young 
science to which he turned as his major 
interest in the eighties of the last cen- 
tury. 

Let us visualize the scene when Boas 
visited the Central Eskimo on his first 
expedition in 1883. Notable, even epoch- 
making, work had already been achieved 
in th(! science of man, but it had been 
the work of others than trained anthro- 
pologists, for such were not in existem^e. 
Boucher de Perthes was an amateur pre- 
historian, Edward B. Tylor had taught 
himself anthropology after stimulation 
by another amateur prehistorian. Paul 
Broca, Rudolf Virchow, Adolf Bastian 
were all medical men; Lewis H. Morgan 
practiced law; F. W. Putnam was a 
geologist. Boas’ contemporaries and 
immediate suec(‘s.sors include zoologists 
like A. C. Haddoii; physicians like Karl 
von den Steinen, F. von Luschan, Paul 
Rivet, W. H. R. Rivers; linguists like 
Wilhelm Schmidt ; and he himself started 
as a geograplier schooled in physics and 
mathematics. His doctoral dissertation 
at Kiel dealt with the color of sea water; 


among his earlier treatises are criticpies 
of psychophysical methods, articles or 
reviews on icebergs, the topography of 
Hudson Bay, and the theory of map 
projection. 

Considering Boas’ beginnings and the 
activities of his compeers, nothing is 
more remarkable than his systematic 
s(»lf-professionalization when he had 
once dc(;ided on an anthropological 
(*areer. For by this time techniques of 
diver.se type had ripened or were ripen- 
ing in the sevtu'al branches of the .science, 
and Boas heroically strove to ma.ster 
them all. In physical anthropology, we 
may conjecture, he acquired metric t(*c.h- 
nicpies from Virchow or his Berlin asso- 
ciates; but Boas .soon recognized the 
importance of statistical methods for the 
investigation of variable phenomena arid 
devoted years to the sedulous but critical 
study of Karl Pearson’s treatises. Still 
more remarkable was his control of the 
philologist’s tricks, including phonetics; 
whoever witnessed his di.scussions with 
professional linguists realized that they 
accepted him as in the fullest sense their 
peer. Ethnographic methods had not 
yet been fully e.stabJished when Boas 
began his career, and he not only a.ssimi- 
lated current approache.s, but, more than 
most, h(*lped towards their progressive 
refinement. With the intense specializa- 
tion of the last decades Boas realized 
that no future investigator could hope 
for a uniform mastery of these .several 
fields, but he fostered as much breadth 
in training as the varying capacities and 
temperaments of his pupils would bear. 

This self-taught anthropologist, then, 
aimed at training professional research 
men. He schooled them in the spirit and 
the tools of inquiry, concerned solely 
with the advancement of knowledge. To 
convtiy cut-and-dried information was 
thoroughly distasteful to him. It is lit- 
erally true that any of my better under- 
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graduate majors has a far better knowl- 
edge of general anthropology than I had 
when Boas approved my doetoral disser- 
tation. 

In his own opinion (letter to me, 
Dee. 30, 1937) Boas had eontributed 
to “just three things,” — a reexami- 
nation of the basis of physieal anthro- 
pology; a presentation of languages on 
Steinthal’s prineiples, /.e., from their 
own, not an outsider’s point of view; 
and “a more thorough emj)irieal un- 
derstanding of cultural life.” This re- 
strained self-appraisal hardly clarifies 
the extent of his influence. 1 shall ven- 
ture to expand it by a psycliological 
interpretation. 

Boas* mind was in the highest degree 
critical, but not in. the sense of sterility. 
Exacting as to evidence, and dealing 
with the most complex of phenomena, ho 
abhorred facile generalizations and all- 
embracing systems. But this caution 
was not that of timidity, but of daring. 
The fa(‘t that a view was current among 
professionals, that it was approved by 
men whom he himself highly esteemed, 
count<Hl for naught in tin* absence of 
supporting evidence, 1 have heard him 
reject a craniologi(!al interpretation of 
Virchow’s, and he vigorously dissejited 
from some of Tylor’s conclusions. In 
short, Boas, like all great scientists, re- 
garded things as they are, with complete 
freedom from the shackles of tradition. 
When blending inheritance still seemed 
an obvious conception, he reported seg- 
regation in the stature of half-breeds; 
when others still attached fetichistic 
value to the cephalic index, he showed 
that it was not a racial criterion of 
primary value; when virtually all eth- 
nologists assumed as axiomatic the pri- 
ority of matrilineal descent, he chal- 
lenged the postulate as a result of his 
own findings. 

To this freedom from authority Boas 
added an unusual capacity for detecting 
fruitful fields of inquiry, of giving to old 
problems an altogether new twist. It is 
merely necessary to compare his re- 


searches on primitive art with those of 
even his most gifted coevals to appreciate 
this quality. His originality appeared 
likewise in his cavalier redefinition of 
such concepts as “totem ism,” which he 
recognized as the result of premature 
classification. 

De mortuis nil nisi verum. To readers 
who had never met him, who had never 
viewed him either in histori<*al perspec- 
tive or in his total intellectual effort, his 
influence remained an enigma ; one might 
well read a thousand pages of his output 
without finding more than a faithful, in- 
telligent collector of raw detail. But 
even deeper knowledge might fail to 
attract, since ultimate judgments in 
science involve nearly as much individual 
taste as in the arts. Anyone held cap- 
tive by the literary qualities of Tylor, let 
alone, J. G. Frazer, was bqund to be re- 
pelled by the bleakness of Boas’ diction ; 
and even as to the more vital matter of 
organization his negligence of form some- 
times transcended credibility, so that his 
books have been called negations of the 
idea of a book, (’ertainly his warmest 
admin*rs cannot be ha))py over a pro- 
fessedly general volume on Primitive 
Art nearly a thii’d of which is devoted to 
the meticailons consideration of a single 
ai’ea. Boas must further leave unsatis- 
fied those nuiuerous minds who crave a 
scheme that shall enable them neatly 1o 
pigeonhole every item of experience. 

But to congenial spirits this very re- 
nunciation, with its compensatory flashes 
of insight into an indefinite number of 
special problems, will loom as the very 
embodiment of bald grandeur. They 
will recall with pride that they had “seen 
Shelley plain,” that they entered sympa- 
thetically into that ever searching, aus- 
tere, yet original mind; and they will 
view his passing with sentiments not un- 
like those which Browning ascribes to the 
disciples of his Grammarian; 

Lofty designs must close in like efPects: 

Loftily lying, 

Leave him — still loftier than the world suspects, 

Jdving and dying. 

Robert H. Lowie 
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DR. EDWIN H. ARMSTRONG, EDISON MEDALIST 


It has be('ii aniioini(*(»(l that Dr. Edwin 
II. Arinstroiipr, i)roress()r of electrical 
enj?iueeriu<r, Cohmibia University, is to 
be awarded the Edison Medal by the 
American Institute of Electrical Eufri- 
neers “for distin^^uished eontribntiojis to 
the art of electrical communication, nota- 
bly the regenerative circuit, the super- 
heterodyne circuit, and frequen(\v modu- 
lation.’' The presentation ceremony 
took place on the evening of January 27, 
in the Engineering Auditorium, New 
York City. 

This award was established by asso- 


ciates and friends of Thomas A. Edison 
to commemorate his achievements of half 
a century. It is the highest distinction 
conferred by the Institute. Dr. Arm- 
strong is particularly worthy of this 
honor as he has made several major con- 
tributions to radio engineering during 
the past thirty years. The first cam<‘ in 
lf)14 with the publication in the Decem- 
ber 12 issue of the Electrical World, of 
“Operating Features of the Audion” in 
which he presented the correct explana- 
tion of the functioning of the audion, or 
the electron tube as it is now called, as 
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a detecitor and as an amplifier with con- 
clusive experimental proof. These re- 
sults did much to stimulate the interest 
of amateurs and engfineers in the use of 
the aiidion, for previous to this time the 
priUciples of operation were not p^encr- 
ally understood and there was a wide 
diver^^eiK'.e of opinion, even amonpf those 
who were usinj? the tubes. 

With Armstrong’s disclosure of the 
regenerative circuit, in 1915, what had 
been a keen interest became, in the 
1920 ’s, a consuming passion until most 
everyone was building radio receivers. 
Regeneration provided an inexpensive 
means of obtaining greatly increased 
sensitivity and as a by-product in- 
creased selectivity. It was directly re- 
sponsible for the rapid growth in broad- 
casting during this decade. 

While serving with the Signal Corps 
in France during the first World War, 
Major Armstrong developed the super- 
heterodyne receiving system. This 
method makes it possible to design the 
intermediate stages of amplification for 
any desired frequency band, without 
ref(*rence to the frequency of the incom- 
ing signal; thus the intermediate ampli- 
fier may be permanently adjusted for the 
most favorable operating condition. It 
also provides a means of separating sig- 
nals on adjacent channels which other- 
wise might interfere. This type of re- 
ceiver is now almost universally used. 

In 1920, Professor Armstrong devel- 
oped the super-regenerative receiver 
which produ(*ed an extrcnnely sensitive 
detector at a very low cost. It was used 
in the early two-way ultra-high fre- 
quency police systems and I understand 
that it is being used by the Germans in 
the present war. 

The next problem to engage the atten- 
tion of Professor Armstrong was that of 
improving the quality of broadcast ser- 
vice. Everyone is familiar with the dis- 
tortions produced by static, other electri- 
cal sources, selective fading and the 
resulting*' garbled programs that too 


often mar reception. Professor Arm- 
strong’s proposal was to use frequency 
modulation to eliminate the foregoing 
sources of annoyance and at the same 
time to provide a fidelity and tonal range 
not possible witli the narrow channels 
available in the broadcast band. While 
this problem has long been a challenge 
to radio engineers, Armstrong was first 
to make substantial progress towards its 
solution. In 1938, after years of re- 
search, he gave a demonstration in his 
laboratory, at Columbia University, to 
officials of the Radio Corporation and 
later submitted his system ta them for 
field tests, but at the time they Were more 
interested in television than frequency 
modulation. Two years later Armstrong 
presented a paper on frequency modula- 
tion and gave a successful demonstration 
before the Institute of Radio Engineers. 
The paper wm published in the Proceed- 
ings for May, 1936. Despite all the 
promise of the system, industry showed 
no disposition to adopt it. However, 
Armstrong was so firmly convinced of 
the merit of frequency modulation that 
in 1937 he built a $300,000 station with 
his own money. Soon the Yankee N(‘t- 
work became interested and was followed 
by F. M. Doolittle (WDRC), General 
Electric C/Omf)any, Stromberg-Carlson, 
Radio Corj)oration, American Telephone 
and Telegraph Company and others. 
Mu(*h progress was being made when w^ar 
was dec'lared. There is no question but 
that the Armstrong system will be widely 
adopted as soon as peace comes, for it 
does eliminate static, selective fading 
and other distortion; fidelity and tonal 
range will be demanded by discriminat- 
ing auditors. 

Among the honors received by Profes- 
sor Armstrong are the following : Medal 
of Honor of the Institute of Radio Engi- 
neers, 1917 ; Chevalier de la Legion of 
d’honneur, French Government, 1919; 
degree of Doctor of Sciem^e, Columbia 
University, 1929; the Bgleston Medal, 
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Columbia University, 1939; the Holley 
Medal, American Society of Mechanical 
Engineers, 1940; the Franklin Medal, 
Franklin Institute, 1941; the degree of 
Doctor of Science, Muhlenberg College, 
1941 ; the John Scott Medal, awarded by 


the Directors of the City Trusts, Phila- 
delphia, 1942. He also received one of 
the nineteen National Awards of ‘‘Mod- 
ern Pioneer^’ by the National Association 
of Manufacturers, 1940. 

H. M. Turner 


INTER-AMERICAN INSTITUTE OF AGRICULTURAL SCIENCES 


For many years the need has been felt 
for a central organization to conduct 
long-range research projects in the agri- 
cultural sciences throughout the Western 
Hemisphere. The Eighth American 
Scientific Congress, held at Washington 
during May, 1940, recommended the 
establishment, in one of the Latin Ameri- 
can countries, of an inter-American 
organization designed to carry out such 
research in agriculture. The Governing 
Board of the Pan American Union aj)- 
proved the By-laws of the Inter- Ameri- 
can Institute of Agricultural Sciences on 
October 7, 1942, and recommended its 
establishment at Turrialba, Costa Rica, 
after an extensive study of plans for its 
organization and maintenance. 


The immediate purpose of the Insti- 
tute is the advancement of agriculture 
in the American nations through teach- 
ing, research, experimentation, extension 
activities, general education, and train- 
ing in agriculture and related arts and 
sciences. The Board of Directors of the 
Institute is composed of representatives 
of the twenty-one American Republics 
on the Governing Board of the Pan 
American Union. A Technical Advisory 
('ouncil, composed of one member from 
each nation, appointed by the respective 
governments, will consider questions of 
general policy and make recommenda- 
tions concerning the advancement of the 
purposes for which the Institute is or- 
ganized. Then* are two officers, the 
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THF. ARcniTKCT’S DRAWINO OF THR ADMINISTRATION BUILDING TO BK ERECTED IN TURRIALBA. 




TUHRTALBA VALLKV, HITK OF THK NKW INSTITUTE, 

AS SKKN FROM TIIK SLOPES OF TliRRlALHA VOIA’ANO AT AN ELEVATION OF APPROXIMATELY 5,000 
FEET. THE TOWN NEAR THE (’ENTER IS Tl'KKIALBA f ELEVATION 2,000 FEET). THE INSTITI’TE WILL 
HE LO<’ATED AT A POINT TO THE LEFT OF THE (’ENTER OF THE PK’Tl'HK. 


(liroctor, Dr. Earl N. Bressiiian, for- 
merly direetor of the Division of Agri- 
culture, ()f!i(*e of the (Viordiuator of 
luter-Ameri(*an Affairs, and the secre- 
tary, Jose L. Colom, chief of the Division 
of Aj^ricultnre of the Pan American 
Union. The headquarters of the Insti- 
tute are located in Washin}»:ton, D. C., 
and otlier offices ai’c to be maintained 
thronjrhout the American Republics. 
Plans for the Institute also contemplate 
utilization of research facilities offered 
by several Latin American }?overnments, 
su(*h as the recently orjranized Experi- 
ment Station at Tin^o Maria, IVru ; the 
Ajjfricultural Experiment Stations at 
Salta and Misiones, Arjrentina; the ajrri- 
(‘ultural research center at Santiajro de 
las Ve{j:as near Habana, Cuba, and many 
others that have been offeri^d as collabo- 
rating stations. Its activities, therefore, 
will not be confined to Costa Rica. 


Turrialba, Costa Ri(*a, was seh'cted as 
an ideal location for Ihe Inter-American 
Institute of Agricultural S(*iences be- 
cause, lying at an altitude of a little over 
two thousand feet, it offers within a dis- 
tance of less than two hours by car or 
train an almost complete (*ross-section of 
Tropical American conditions. The pro- 
gram of the Institute will embi*ace the 
objectives outlined at the Eighth Ameri- 
can Scientific Congress, which are: the 
promotion of a better balanced agricul- 
tural economy in the American Repub- 
lics; the compilation of basic data on 
their figricultural problems; the develop- 
ment of a broader knowledge of plant 
and animal diseases and pests; and the 
training of future leaders in the agricul- 
tural field. 

The Institute will play an important 
part in the war effort. As soon as it is 
completely organized, it will furnish ad- 
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vice to all official and other recoj^iiiml 
ajreucies on the problems created by the 
war. It will strive to carry out the 
ne(*essary research and will assume the 
responsibility of frettiiifr this work done. 
The Institute, as an applied research 
orjranization, will try to avoid dujdica- 
tion of services and activities of the vari- 
ous experiment and research a^rencies 
already workin^: on the ])roblems created 
by the war. 

Buildinf? plans for the Institute in 
Turrialba have already been drafted and 
actual (»onstructiou will start in the very 


near future. The decision to establish 
the Institute in Costa Rica was well- 
founded, as this country is one of the 
most progressive and democratic nations 
of this Hemisphere. 

Organization of the In ter- American 
Institute of Af^ricultural Sciences is one 
of the most important projects in which 
the Pan American Union has partici- 
])ated. It is also one of the means best 
adapted to promoting closer cooperation 
amon^* the Ameri(‘an Republics. 

Ij. S. Rowe, 
Director General 


TECHNOLOGICAL INSTITUTE OF NORTHWESTERN UNIVERSITY 


In June Northwestern University 
dedicated, on the Evanston campus, a 
new building: for its Technological Insti- 
tute. Th(‘ gift of Walter P. Murphy, 
inventor and manufacturei' of railroad 
equipment, the institute has three main 
objectives; (1) to provide training in 
engineering for a select grouj) of young 
men ; (2) to provide industry with skilled 
workers and executives; and (J) to pro- 


vide facilities for research in problems 
related to industry. 

The keystone of the institute's pro- 
gram is the cooj)erative plan whereby 
students alternate three months of study 
in the classroom with an equal period of 
work in industry. The iiistitute operates 
on a normal five-year curriculum. The 
student spends his first year on the 
campus in classroom study, thereafter 
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THK SOUNI>-PROOF ROOM 

LOCATED IN THE PHYSK’S DEPARTMENT OF THK 
INSTITUTE. THE SMALL WINDOW AT THE LEFT IN 
THE WALL OF THE ROOM IS TO HE USED FOR 
TAKING READINGS. 


alternating each quarter between the 
classroom and a job in industry. Half 
of the class thus remains in eollef?e. while 
th<» other half is at work. The next 
quarter tliese {iroups are sliifted. This 
alternating? scdiedule eonlinues until the 
spring quarter of the final year, when 
the entire class is brouf?ht back to the 
campus. 



A POWEKFUL TESTING MACHINE 
THE TRANSVERSE-UNIVERSAL MACHINE, WHICH IS 
CAPABLE OF APPLYING TRANSVERSE LOADS UP TO 
1,000,000 POUNDS. 


Seventy large firms, located in twelve 
different states, are now cooperating 
with the institute. The indiLstrial con- 
cerns afford the students opportunity 
for direct experience and in return these 
firms are provided with young men who 
have been carefully selected and taught. 

The institute has been operating on 
the cooperative plan since it opened in 
1939. Ovid W. Esbbaeh, dean of the 
Technological Institute, recently said of 
this program: ‘‘The cooperative system 
brings the young man into contact with 
the realities of our industrial system. It 
shows him the significance of the facts 
and })rinci])les which he has acquired 
through books and in his classes. It 
makes liim inquisitive. The alternation 
of theory and practice enhances the 
value of both, for after all they are not 
.separate (experiences but complementary 
pro(»esses in learning.’* 

The new^ $5,000,000 building provides 
a modern, wtdl-equipped plant in which 
to (*arry out the purposes of the insti- 
tute. The structure has ten acres of 
floor spaee, but its immensity is partially 
(‘oneeah'd by skilful disposition of its 
masses! The general arrangement of the 
building is that of two letter E’s laid 
baek to back and joined by a central 
structure. The center is oi^.cupied by the 
main auditorium, Ic'cture room, library, 
student lounge and main offices, while 
each of the six wings is devoted to one 
of the major divisions — the departments 
of physics and chemistry of the Colh^ge 
of Ijiberal Arts, and the departments of 
civil, chemical, electrical and mechanical 
engineering (^f the institute. Two of the 
future objectives of the institute are the 
addition of departments of aeronautics, 
mineral industries, and architectural en- 
gineering and the establishment of a 
graduate school in engineering research. 

Basically, the general design of the 
building is functional ; yet enough of the 
Gothic is suggested in its silhouette and 
decorative details to make it harmonize 
with other buildings on the campus. 


THE PROGRESS OF SCIENCE 


191 


The exterior is of Lannoii si one with 
Bedford stone trim. The varied color of 
the Lannon stone and the relatively small 
size of its pieces invest it with a warmth 
and intimacy which otherwise mi«:ht be 
lacking!:. This feeling is intensified in the 
spacious entrance court, wIktc the use of 
a flat, paving brick combined with stone 
creates a pattern that brings this exten- 
sive space down to human scale. 


An (‘xainple of the facilities which are 
available to students and to research 
workers is provided by the department 
of physics. This department has a 
special laboratory of explosion-proof 
construction in which it is possible to 
produce six gallons of liquid air and two- 
and-one-hair gallons of liquid hydrogen 
an hour. Cold rooms, x-ray rooms, elec- 
trical laboratories, spectroscopic labora- 



KNTRANCf: COURT OF THK INSTITUTE 

THE ARl’IIlTRCTT^RK OF THE lU’lLDING IS MODERN GOTHIC, TO CONFORM WITH OTHER NEW BUILDINGS 
ON The camcits of northwestern university. 


In order to provide the environment 
and facilities through which students 
may develop their fullest possibilities 
and industry may profit from new knowl- 
edge and skill, the institute has been pro- 
vided with more than $1,600,000 worth 
of new scientific equipment. Although 
some of the equipment is unique and 
affords opportunities for special types of 
investigation, the principal purpose has 
been to provide well-rounded facilities 
adapted to the needs of student training 
and general research. 


tories and heat and pyrometry labora- 
tories comprise some of the important 
facilities for teaching and research. One 
of the features of the department is a 
.sound-proof room which is being used 
for theoretical research. The room, 
which is inside another concrete room, 
is mounted on rubber. It weighs 50 tons 
and its walls are covered with 18 layers 
of muslin which absorb 98 per cent, of 
air-borne sound and mechanical vibra- 
tions from the outside. 

No time has been lost in putting the 
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facilities of the institute to use. Many 
important research projects are now 
iiiuler way, and the essential tasks of fur- 
nishing technicians for the army and the 
navy and of train iiij? men and women for 
jobs in war industries are in full swiuK* 

The present enrolment of the institute 
in its full-time projj^ram consists of about 
850 students, of whom 340 are freshmen 
w4io entered last summer and fall. This 
f]-eshman class was selected from ap- 
proximately 750 applicants. 

There are now 1,000 sailors enrolled in 
the Naval liadio Operators’ HcIjooI at 
Northwestern University, who do their 
class work in the Technolojrical Institute. 
After a four-month course these men 
(pialify as naval radio specialists. More 
than 100 men are also enrolled in the 
Army Sijrnal Corps Officers’ Training? 
School, which has classes in the institute. 
Graduates of this course an* commis- 
sioned in the Si^ial Corps, if they pass 
the physical examination. 

One of the bijr problems of the w^ar is 
that of frettinjr trained personnel for 
skilled work in the defense industries. 
Throuj^h a s(*ries of constantly enlarged, 
eveninjr, tuition-free courses the Techno- 
lo^i(*al Institute has provided more than 
2,200 men and women with the back- 
ground in industrial enjfineerinjf they 
jieed to take over important jobs. A new 
projrrarn, not bearing: academic credit, 
offers train injr in 40 subjects of onjrineer- 
my: directly r(*lated to the war effort to 
more than 2,000 spet'ial students. 

Dean Ovid W. Eshbach of the insti- 
tute said recently that there are more 
than 5,000 men and women now takinji: 
work at the institute. Directly or indi- 
rectly all of these individuals are pre- 
paring: for tasks which are vital to the 
war effort. But the leaders of the insti- 
tute even now are lookinj; forward to the 
future. The day will come when the last 
shot shall have been fired. It is then, as 
Secretary of Commerce Jesse Jones said 
at the dedication of the institute last 
Juno, ‘^That those who have had the 


opportunity of studying at seats of 
learning wull again play a leading part, 
for it will take as much skill and knowl- 
edge in our reconstruction ])rogram to 
turn our industrial and economic ma- 
chinery back to its peace-time services as 
it has taken to convert this machinery to 
war service.” 

Since the foregoing was written North- 
western Univ(*rsity has been notified of 
an additional gift of $20,000,000 from 
the estate of Walter P. Murphy, who 
died on December 16. This is the largest 
bequest ever inad<* to higher education 
by a citizt*n of Chicago, and is probably 
the largest in the nation since 1924, wiien 
James B. Duke willed $40,000,000 to 
Trinity College (innv Duke University). 

Mr. Murphy specified that the fund 
should be used to develop, maintain and 
operate the Technological Institute of 
Northwestern University, which was 
founded in 11139 wuth a gift of $6,735,000 
from the Walter P. Murphy Foundation. 
Beyond this restriction, he placed no 
limitations on the use of the bequest, 
leaving to the board of trustees of the 
university the final decision as to future 
management. 

The donor expressed a desire that as 
much as possible of the principal should 
be h(*ld intact and used for endowment 
of the institute. At the same time he 
empow'(*red the trustees to spend por- 
tions of the principal from time to time, 
and all or any part of the annual im'ome, 
for additional buildings, equipment, i)ro- 
fes.sorships, scholarships, books, res(»ar(*h 
and such other purposes as the trustees 
think necessary to the proper oj)eration 
of the institute. He also specified that 
the institute, as a part of its operations, 
may give instruction in science to other 
than engineering students of the uni- 
versity. 

The present bequest is Mr. Murphy’s 
fourth benefaction to Northwestern. He 
made tw^o gifts in 1923, one of $5,000 to 
the College of Liberal Arts, and one of 
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$10,000 to tlie School of Connueive. In and equip on the Evanston eanipiis the 
1939, through the Walter P. Murphy new buildinfr of the instil ute. 
Foundation, he jrave $6,735,000 to erect E. H. S. 

AVALANCHES IN THE ALPS 


There are several kinds of avalanches: 
those known as dust avalanches, eonipact 
snow avalanches and ice avalanches. Of 
these three kinds dust avalanches are the 
most to be feared, for, while the others 
fall accord iiifjf to certain well-known 
rules and at particular times of the year, 
these avalanches are erratic in their 
movements, uncertain in the periods at 
which they descend, and most terrible in 
their results. Dust avalanches consist of 
cold, dry, jmwdery snow, which, fallinjr 
on a sloj)e of jrrass, slides off on the 
si i^h t est provoca t ion . 

Often, if a bit of overhaiij^in**: snow 
falls on the upper part of a hillside, or 
if an animal disturbs the newly fallen 
mass, or ptu'haps if a jrust of wind sud- 
denly detach(*s it from the surface on 
which it rests, the whole accumulation 
bejrins to move down, gently and quietly 
at first, and then with ever increasinjr 
power and a deafening roar, uprootinj; 
trees, carryinj^ away chalets and what- 
(*ver ha])pens to be in its course, and 
lea])in*j: like a hu^e stream of spray- 
(‘overed water from precipice to preci- 
pice, till it makes one final bound across 
the valley, the impetus of its course fre- 
quently carrying it up for some distance 
on the opposite slopes. The wind which 
accompanies such an avalanche is far 
more powerful than a rajyinjr hurricane, 
and it often levels trees and buildings, 
forces in windows and doors, and carries 
heavy objects an incredible distance. 

In February, 1888, on the occasion of 
the fall of two p’eat avalanches into 
Saas-Grund, most of the windows and 
doors in the villa<;e were forced in from 
the pressure of air. Tschudi slates in 
his “Monde des Alpes“ that such 
avalanches will sweep chidets and trees 
from the f^round and carry them, whirl- 
injr like straws in a storm, through the 


air, dropping them at a distance of up- 
wards of 400 feet. Chalets filled w’ith 
liay, and quite uninjured, have been 
foumJ, it is said, some two hundred yards 
or more from the termination of the 
debris of an avalanche, having been 
blown across the valley by tlie blast of 
wind ahead of the avalanche. 

In the year 1689, an enormous ava- 
lanche which, in the annals of the 
(Jrisons, is sj)oken of as the most fearfid 
one on record in the Canton, came down 
from the iieights above the village of 
8aas, in the Priittigau, and demolished 
150 hous(*s. Amongst the debris which 
liad been swept by the avalanche to a 
(considerable distance, a rescue party dis- 
covered a baby lying safe and sound in 
his cradle, wliile six (^ggs were found 
uninjured iji a basket close at hand. 
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AVALANCHE PROTECTIVE MEASURES 

TAKEN BY THE SWISS FEDERAL KAILROADS ON THE 
.ST. OOTHAKD LINE, BETWEEN KKSTFELI) AND AM- 
STEG, NORTH OF THE GREAT TUNNEL. 
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K. Kali 

SWISS SOLDIERS IN THE ALPS MEASURING AND STUDYING THE SNOW 

TO DETF4RMINK1 WHETHER AND WHEN AN AVALANCHE IS DUE TO DESCEND TO THE VALLEY. 
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A SWISS ARMY SKIKR 


ON DUTY IN THE ALPS ABOUT TO SET OFF AN EX- 
PLOSIVE TO BRING DOWN AN AVALANCHE BEFORE 
IT HAS HAD A CHANCE TO ('AUSK DESTRUCTION. 

Another sort of avalanehe is formed 
by the sudden descent of an overhanp:ing 
mass of snow. The slifrhtest movement 
in the air will often suflfi(*e to break the 
cornice, and it straij^htway goes rolling 
down the slope. Such avalanches are not 
usually much to be feared, though a 
notable exception to this fact was fur- 
nished on the Bernhard i 1 10 Pass when 
the mass of falling snow, overtaking the 
post in its passage, carried thirteen per- 
sons, and a number of sledges, over the 
precipice into the gorge beneath. 

Dust avalanches of freshly fallen snow 
are very frequently met with in summer 
by climbers amongst the higher peaks of 
the Alps. It was an avalanche of this 


kind which caused the Matterhorn acci- 
dent of 1887, in which a number of per- 
sons fell an estimated distance of six to 
eight hundred feet. 

It is reported that in the winter of 
1916-1917, during the World War, about 
ten thousand officers and soldiers were 
killed in the Tyrol in a single day by 
avalanches rushing down its steep moun- 
tain sides. Often conditions favorable 
for avalanches are recognized and the 
inhabitants avoid so far as possible the 
most dangerous places. For example, in 
early December, 1940, snow fell steadily, 
becoming deeper and deeper on perilous 
mountain slopes.' The people living in 
the valleys below the heights passed 
anxious days. Finally, on December 13 
and 14, avalanche after avalanche thun- 
dered down into the valleys, causing 
terrible destruction and claiming several 
human victims. 

In order to rediute the serious losses 
of life from avalanches, the Swiss army, 
under General Guisan, began the scien- 
tific investigation of them in 1939. Tin? 
studies were carried out on the moun- 
tains where avalanches occur. They in- 
cluded not only measurements of snow 
and determination of conditions favor- 
able for avalanches, but also life-saving 
procedures in al[)in(* conditions. One of 
the best methods of forestalling them is 
to start them with mine throwers before 
the snow has accumulated to dangerous 
proportions. By this method the great 
Dratscha snow’ field near Davos is being 
regularly reduced from which some 
years ago an avalanche descended and 
buried an entire train of the llhaetian 
Railway; 
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COLORATION OF ANIMALS AND THEIR 
ABILITY TO CHANGE THEIR TINTS 

By Dr. O. H. PARKER 

EMERITtTS PR0FK880R OP ZOOLOGY, HARVARD I’NIVERSITY 


The casual visitor to any of our larf>:er 
zoological museums ordinarily carries 
away wdth him the impression that tropi- 
cal animals, especially birds and but- 
terflies, are possessed of what may be 
call(!d a riot of color. The whole spec- 
tral range, blue, green, yellow, orange, 
and red, singly or more often in combi- 
nation, is represented in these inhabi- 
tants of the tropics with such bewilder- 
ing diversity and often in such brilliancy 
that their possessors may be said to be 
veritable living jewels. Our visitor, if 
he be at all observant, may also have 
noticed that the animals from the tem- 
perate regions are commonly of sober 
tints, for the most part dun-colored, and 
that those from the polar areas arc in 
many instances white. Of what uses 
these various color schemes are to their 
possessors, how they may be subjected to 
control by the animals in which they oc- 
cur, and by what steps they have arisen 
are questions that have long puzzled the 
naturalist and that remain today only 
very imperfectly answered. 

Some of the most striking of these 
color conditions were known to the an- 
cients. Aristotle described with remark- 
able accuracy the changing tints of devil- 
fishes and of chameleons and further 
pointed out their probable significance in 
the economy of such animals. His de- 
scriptions of these phenomena are so true 
to nature that he must have observed 


them on the living creatures in their 
native haunts. But the intensive study 
of these matters is limited to the last 
hundred years or so during which an 
enormous accumulation of new observa- 
tions has been made and much specula- 
tion on the subject has been provoked. 
This has led to a gn^at diversity of opin- 
ion with the result that on many ques- 
tions sides have been taken and heated 
debates have ensued. Only a few dec- 
ades ago no less distinguished a person 
than a former president of the United 
States and an equally well-known Ameri- 
can artist crossed swords on certain 
animal -coloration issues which brought 
particular aspects of the subject into 
momentary prominence. After the heat 
of the battle had subsided in this 
Roosevelt-Thayer conflict it was evident 
to an impartial critic that, as in most 
such cases, both sides were partly in the 
wrong and partly in the right. Although 
interested and distinguished scholars of 
this subject the world over have taken 
part in such contests, nowhere else than 
in these United States has the once head 
of a government catered the arena. Pos- 
sibly this is a measure of what real 
democracy is and indicates a degree of 
liberty enjoyed not only by citizens of 
such governments but by their chiefs, 
though denied to those who rule even the 
closely related bodies as, for instance, 
constitutional monarchies. Here at least 
197 
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FTG. 1. UNDKRWING MOTHS 

PHOTOGRAPH OF MUSF.rM SPECIMENS ON HARK: 
UPPER, WITH SI»READ WINGS ; LOWER, WITH 
FOLDED WINGS. 

the {governmental heads, so fai* as I am 
aware, have never induljred in sneli ac- 
tivities, but have been so much enjrrossed 
with the doings of Homo sapiens that the 
color performance of their more lowly 
subjects have been allowed to pass un- 
noticed. But in whatcv(»r way the per- 
sonnel of these discussions has been lim- 
ited, the two extreme factions in such 
disputes, those who would belittle adap- 
tive coloration or even deny its existence 
altogether and those who would see vital 
importance in every spot or mark on an 
animal’s coat appear both to have missed 
the truth which seems very likely to lie 
in a middle ground of moderate interpre- 
tation maintained by the less excitable 
members of these forays. 

When the substance of such discus- 
sions is impartially weighed there seems 
to be good reason for assuming that tliere 
really exist in nature many umjuest ion- 
able instances in wliich color^^tion aids in 
concealment, in attracting attention, or 
in that type of imitation known as mim- 
icry where one species of animal has 
stepped aside from its family form and 
coloration and has taken on the shape 


and markings of another species of quite 
different organization to the advantage 
of the imitator. It is also reasonably 
clear that many such well authenticated 
cases are extremely diffiiudl to account 
for on the basis of the Lamarckian hy- 
pothesis of evolution, for in most in- 
stances among these animals the creature 
enters the world with its plan of colora- 
tion once and for all established and not 
subject to change by the later activities 
of the possessor, as muscles may be by 
use or disuse. This difficulty in explain- 
ing tin* evolution of most color patterns 
is not met with when Darwin’s natural 
selection is invoked as the determining 
factor, for the animal with its given 
color coat is either a good fit or a poor 
one for its surroundings and hence is 
either more likely to survive, pair, and 
l>ass on its traits to its offspring or to 
die without leaving representatives. 
Ileiu'c the very presence of these types 
of coloration in nature is in itself a 
favorable omen for natural seleidion 
while it is on the whole a stumbling 
block to Lamarc'kism. 

Animal Coloration in Cenekal 

Before leaving these general aspects of 
animal coloration, however, it may be 
w'ell to look for a moment at what have 
been regarded as good instances of the 
important types of this plienomenon. In 
a recent volume on this subject by the 
distinguished English zoologist, Hugh B. 
Cott, examples of animal coloration have 
been classed under three principal heads, 
concealing coloration, coloration for ad- 
vertisement, and disguising coloration 
in which has been included those remark- 
able instances of specialization in form 
and tint known as mimicry. 

Concealing coloration, to consider this 
class first, is well represented through- 
out the animal kingdom, but is especially 
often met with among insects. Although 
striking examples of this type of colora- 
tion are commonly assumed to be found 
only in distant and inaccessible parts of 



COLORATION OF ANIMALS 


the ^loho many ol* them oeeiir near at 
hand, in faet at our very (loors1e])s. Of 
these the larjre noetiiid moths of tlie 
j^enijs Catocala are strikin**: instanees. 
The North American fauna is unusually 
rich in species of this ^enus known to 
every eollecio]’ of our butterflies and 
moths. In some of these noctuids the 
spread of the w}n**:s may be tlin^c inches 
or more, lii most species the fore or 
upper winprs are dappled lip:lit and dark 
p:ray wdth some brown often interspersed 
ami would be described oji the whole as 
inconspicuously tinted (Fip:. 1). The 
hind or under winp:s on the other hand 
hav(‘ pronounced black markinjr on a 
mild backjrround of red, pink, yellow, or 
white accordinp: to the specnes. In con- 
sequence of the striking: coloration of 
their lower winprs the members of tJiis 
Pfenus have been p:iven the common 
name of underwiim* moths. 

Th(‘so moths can be found flyinir about 
in open woodlands even in the daytime 
and Avhen on the wirip: are 7‘easonably 
conspicuous. On settlinjr down after 
fliprht they almost invariably come to rest 
on tree trunks and in so doinp: fold their 
colored underwinp’s close to the body and 
cover themselves completely with the 
two approximated U])per winp:s. The 
plan of coloration of the upjxM* winjxs is 
so close to that of the trunks of the trees 
on which they rest that the closest scru- 
tiny is often required to dis<*over the 
moth as it clinpfs to the bark (Fijr. 1). 
In fact as this (*reature aiip:lits on a tree 
and covers itself with its upp('r winjxs it 
prives the impression of disa[)pearinp: into 
the woody substaiu'e of its temporary 
rostinp: place. Undei-winp: moths when 
not in flight commonly rest on tree 
trunks in complete quiescence and are in 
consequence remarkably inconspicuous. 
It is well known to insect collectors that 
the darker species of Catocala frequent 
trees whose bark is dark such as oaks and 
the like and that the paler species are 
usually found on trees with paler bark 
like the beeches. Taking all in all it 


1 !) 1 ) 

would be difficult 1o find a more perfect 
instam*e of concealing coloration than 
that showni by these moths, whose habits 
and color scheme aid so ])crfeelly in their 
appa re 1 1 1 obi i t era t i on . 

A second example of concealing col- 
oration is seen in the common crabspider, 
MUsunieria vatia, of our countryside. 
This sj)ider, the females of which may 
measure as much as half an inch in 
length (Fig. 2, A), is found very gen- 
erally in the yellow' flower clusters of the 
goldenrod. The tint of the spider agrees 
so exactly with tliat of the flowers that 
it is w'ith the greatest diffieulty that it 
eau be seen nestled in among the yellow 
l)looms. it is most (‘asily discovered by 
shaking vigorously the flower clusters of 
the goldenrod over a shallow box w'here- 
upon the yellow erahspiders will be dis- 
lodg<»d and easily eaught. Under ordi- 
nary eonditions these spiders rest hidden 
in the cluster of blooms (Fig. 2, B) 



FIG. 2. CRABSPIDER 

(a) FEMALE; (B) SPRAY OF GOLDENROD CARRY- 
ING TWO SPIDERS. (**THE SPIDER HOOK ^ ^ BY J. 
11. COMSTOCK. 1912.) 
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whero they remain unnoticed by the 
numerous insect visitants of the flower. 
The spider is thus enabled under favor- 
able conditions to pounce unexpectedly 
upon its l)rey, seize the insect, and suck 
its juices. Thouj^h Mitsiimena is not a 
larjre spider it is known to attack with 
success insects of the size of bumblebees. 
In this way the conccalin^^ coloration of 
the crabspidcr is an effective means in 
enabling this arachnid to obtain its sup- 
ply of food. Mitsumena occurs not only 
on the yellow flower-clusters of the 
goldenrod, but also on the white masses 
of bloom of the wild carrot or Queen 
Anne’s lace. When the crabspider is as- 
sociated with the wild carrot it is white 
instead of being yellow in color. These 
color differences arc said to be deter- 
mined by the spider 's environment. 

The two examples of concealing col- 
oration described in the preceding para- 
graphs, that of the under wing moth and 
of the crabspider, represent the two chief 
types of this kind of coloration. In the 
crabspider on the goldenrod the yellow 
color of the creature enables it to pounce 
successfully on its unsuspecting prey. 
This type of concealing coloration has 
therefore been called aggressive or offen- 
sive and is shared by not a few other 
animals. The mottled changeable color 
of the octopus or devilfish, as originally 
pointed out by Aristotle, enables this 
creature in its rocky habitat to creep up 
upon fishes unperceived and seize them 
as prey. The white coat of the polar 
bear in its background of snow aids this 
beast in its approach to and capture of 
its chief source of food, the as this 
animal rests by its fishing hole W the ice. 
Many other instances of aggressive con- 
cealing coloration are known. These are, 
however, far outnumbered by the exam- 
ples of the type of coloration for conceal- 
ment r<*presented by the underwing 
moth. In this instance the insect when 
at rest is overlooked by such foes as 
predatory birds and the like because of 
its resemblance to the bark of the tree on 


which it may have settled. Such a type 
of coloration has been called protective 
and in that sense is a defensive one. 
The group of insects abounds with in- 
numerable examples of protective colora- 
tion, the gre(‘n leaf-insects, the green and 
the brown walking-sticks, the multitude 
of green caterpillars with their rib-like 
.stripes and ho.sts of other cases. Under 
this type falls the brown, mottled colora- 
tion of partridges and pheasants and 
the truly remarkable change of color in 
the pilage of the varying hare, dun- 
colored in summer and white in winter. 
Here also belongs the intense and varied 
coloration of tropical birds which though 
showy and brilliant beyond words in 
museum cases are lost to view in the 
tropical rain-forests where they flit about 
amid ever-changing intense shadows and 
sunlight and are indistinguishable from 
their surroundings in consequence of the 
welter of color change about them. Thus 
a host of instan(*es of protective colora- 
tion with those of the aggrcssiv(^ type 
exemplify what has been designated as 
concealing coloration. These are Na- 
ture’s efforts at camouflage so extensively 
practi.sed now-a-days by man at war. 
We believe ourselves in this and other 
matters thoroughly up to date, but the 
palaeontologist can point to fossil walk- 
ing-stick insects as far back in the hi.s- 
tory of the globe as the Jurassic Period, 
thus showing that these insects practised 
camouflage as long ago as 150 million 
years. Pride goeth before a fall. 

The second general heading u.sed by 
Cott in his discussion of animal chro- 
matics is coloration for advertisement. 
A good example of this is the humblebee 
or bumblebee. Bumblebees are as much 
a part of the summer flower-garden as 
the flowers themselves. In their busy, 
o.stentatious way these insects are the 
gossips of their native haunts and carry 
their stores of pollen from flower to 
flower, receiving a drop of nectar in re- 
turn for what they bring. Though cum- 
bersome, noisy, and fretfully active, they 
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are a part of their surroundinj^s notwith- 
standing the conspicuoiisness of their 
eolor seheme. A garden without them 
wonl(i seem devoid of life, for tliey are 
fitted in size and (;olor contrast with the 
world in wliich they live. Here they 
spend sunny days in full possession of 
what Nature gives them freely and man 
can not withhold. In general color they 
are dark, often really black and yet 
marked with conspicuous Iransverse 
bands or spots of yellow or even orange 
and red (Fig. 3). Kill me a red-hipped 
humblebee on the top of a thistle, says 
Shakespeare. Bumblebe(‘s are so com- 
mon that we fail to note how conspieiions 
they are even amid the flood of colors of 
the summer garden. If the erabs])ider is 
tinted for concealment the bumblebee is 
colored for advertisement. 

What the bumblebee advertises is its 
vicious sting. Sooner or later we learn 
to leave this insect to itself and more or 


less unconsciously set down its coloration 
as that of something to be avoided. The 
sting is an organ carried only by the 
queens and the workers, the two cla.sses 
of females in the species. The males are 
without such organs yet notwithstand- 
ing this we avoid them as we do all other 
bumblebees without inquiring into their 
sex. Thus we court security even at the 
expense of knowledge. 

The principle of advertising coloration 
illustrated by the bumblebee is believed 
to hold for the great majority of con- 
spicuously colored animals. Creatures 
that in their natural haunts stand out as 
strikingly visible may well be suspected 
of harboring disagreeable and often dan- 
gerous traits. To this category belong 
the other stinging insects such as the 
common bees, and wasps and the bril- 
liantly colored mutillas with their firy 
needles. Among the higher animals the 
skunk is believed to notify the inquisi- 
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FKi. 4. MIMKUn' OK TTIK MOXABCUl BUTTKBFLY 

(A) MONARCH; (b) BANDKD Pl*HI*LK; (O) VK’RROY.l 


tive of its offensive traits by its lii^lily 
eontrasted coat. Sueli eolorations are 
often described as warning. 

The third and last general heading in 
animal coloration used by Cott is wJiat 
he has designated disguising coloration 
and includes among other instances those 
of mimicry. This })henomenon is again 
best seen in the insects. In such in- 
stances a given sj)ecies whose family 
coloration is of a definite* type abandons 
this coloration and assumes that of an- 
other group of quite different organiza- 
tion. As already stated this change is 
believed to be to the advantage of the 
imitator. The animal imitated is com- 
monly ealled the model and the imitator 
the mimic. An example of this kind is 
seen in two of our common butterflieK, 
the monarch, Davais plexippus, and the 

1 (A) From ^‘Tlie Biittor flies of the Kasteni 
United States »» hy O. TT. Freneh. 188(5; (B) 
From ‘ 'Insects Injurious to Vegetation by T. 
W. Harris. 1862; (C) From “A Manual of Zo- 
oJugy^^ by S. Tenney. 1872. 


viceroy, Basilarchia archippua (Fig. 4). 
The monarch (Pig. 4, A) is our largest 
butterfly and may in (*xceptional cases 
measure fully four inches across the 
wings. The body color of its wings is 
brown with dark veining and a fairly 
broad dark, almost black marginal band 
which is particularly wide at the outer 
angles of the forewdngs where there are 
numerous light spots. The monarch fre- 
quents oi)en fields and is (*sj)ecially asso- 
ciated with milk-weed on which it lays 
its eggs. Hence it is often called the 
milk- weed butterfly. It is vigorous in 
flight and is noted for its extensive mi- 
grations. Tlie viceroy butterfly (Fig. 
4, C) is somewhat smaller than the mon- 
arch. Its wings spread at most three 
inches. The body color of the viceroy 
is brown, almost exactly that of the 
monarch. Its wings have a dark veining 
with marginal bands and pale spots in 
striking agreement with the correspond- 
ing ]>arts in the larger insect. In fact 
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the two butterflies exeej)t for size are 
almost identieal. The vi<*eroy is also a 
butterfly of the open fields. Notwith- 
standin*]: these numerous points of simi- 
larity the monareh belongs to a different 
subfamily, the Danainae, from the vice- 
roy whieli is a member of the Nympha- 
linae. These two subfamilies differ 
struct urally. Thus in the daiuiids the 
antennae are naked; in tlie nymphalids 
they carry scales. 

When the other members of the two 
<>enera to which tlie monan'h and the 
viceroy b(^lon<^ are compared a striking 
contrast is to be observed. The colora- 
tion of other danaids is brown and in 
very close afrreement with that of the 
monarch. The near relatives of the 
viceroy on the other hand are dark in 
color and often of a ])urplish lone. Thus 
in the nymphalid knowji as the banded 
})uri)le, Jiasilarehia arthvmia (Fif?. 4, B)» 
the win<?s have a very dark < 2 :round tint 
with a concentric system of broad white 
bands and with rows of marjifinal dots 
and luiiules some reddish and other blue 
tlius j^iviiif^ it a purplish toiu*. Other 
members of the j^euus Basilarchia are in 
color much like the banded pur])le. None 
of them restmible the viceroy. 

From these facts it is to be assumed 
tliat the inonarcli has remained true to its 
family coloration, but that the viceroy 
has departed from its traditional color 
scheme. Jn the eond)ination of the mon- 
arch and the viceroy then the former 
must be the model and the latter tlie 
mimic. 

In what respect does the viceroy ])rofit 
by its change of coloration? The ^roup 
of butterflies to which the monarch be- 
]onj?s is noted for tlieir rank and disa- 
f^reeable odor. Collectors of insects are 
familiar with this trait in all danaids. 
This feature may well be repellent to 
birds and other predaeious animals. No 
such odor is associated with the viceroy 
which may, however, profit by its color 
n'semblance to the monarch and be left 
untouched by the common foes of butter- 


flies. Thus the vi(?eroy is believed often 
to escape destruction which it mig:ht well 
otherwise meet. If monarch and viceroy 
are related as here outlined the f?eo- 
j^raphical distribution of the two speedes 
oupfht to be such that the area occupied 
by the mimicin^ viceroy should be within 
that of Ihe model monarch. If this were 
not so the mimic would be unprotected 
in its extraterritorial area. As a matter 
of fact in these two butterflies this con- 
dition is fully met. The monarch is 
found over the whole of temperate North 
America from the Atlantic seaboard to 
the Pa(*iflc coast and southward to the 
Gulf of Mexico. The viceroy on the 
other hand is limited to the eastern por- 
tion of this range and nowhere extends 
beyond it. Thus these two butterflies 
afford a good example of mimicry in 
their coloration and show in their areas 
of distribution a conformity to the theo- 
retic recjuircmcnts. 

The three main classes of animal col- 
oration as outlined by Coll have now 
been illustrated by one or two examples 
each and have receiv(»d what may be 
described as a sympathetic presentation. 
What can be said by way of criticism of 
this whole treatment of animal colora- 
tion? The chief weakness of this view, 
inviting as it is in some r<‘spects, lies in 
the fact that it is almost purely hypo- 
thetic and lacks that kind of evidence 
which is ordinarily looked upon as con- 
clusive. Such evidence must come from 
experimental tests. Are underwing 
moths really protected by resembling the 
bark of the trees on which they alight? 
Could not the crabspider if of another 
color than that of the flower head in 
whicli it lurks catch its prey with equal 
success? Such questions as these must be 
answered first before an unqualified as- 
sent can be given to the adaptive inter- 
ju’etation of animal coloration. Some 
experimental evidence on this general 
problem has as a matter of fact already 
been acquired, but it i? scarcely more 
than a beginning. Sumner subjected 
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FTG. 5. CATFISH MELANOPllORKS 
snOWINO ( OLOR ranuk: (a) from pale to coal- 
BLA(’K; (b), (d), (f) iJiROK melanophores 

WITH rONCENTRATKl), INTERMEDIATE AND DIS- 
PERSED PIGMENT; (C), (K), (0) SMALL MELANO- 
PHORES WITH CONCENTRATED, INTERMEDIATE AND 
DISPERSED PIGMENT. 

iiunibcps of palo and of dark mosquito 
fishes, Oambusia, to attacks from several 
predators, the Oalapa^ros peiijjmn, the 
night heron, and the blue-green sunfish. 
In each trial equal numbers of dark and 
of pale mosquito fishes were liberated in 
one test over a black background and in 
another over a pale gray one. A preda- 
tory bird or fish was then allowed to feed 
upon them. As a result of these tests it 
was found that the mosquito fishes which 
fitted the backgrounds were less numer- 


ously seized and eaten than those that 
were of contrasted tint. In a general 
summary of the whole set of experiments 
made by Cott it was shown that of 2,672 
fishes offered as prey 1,150 w'ere reckoned 
as casualties of which 395 (34 per cent) 
were of the less conspicuous individuals 
and 755 (66 per cent) of the more con- 
spicuous ones. Plainly there was shown 
in these tests a real advantage to the 
possessor of the so-called protective col- 
oration. It is experimental evidence of 
this kind obtained either from the lab- 
oratory or from the field that will sidtle 
many current problems of animal col- 
oration and such settlement will be more 
conclusive than that based on wordy 
discussion. 

Animals with Rapid Color 
Changes 

Animals with the remarkable capacity 
of rapid color change have long been 
known and their significance for the 
general theory of adaptive coloration has 
been fully recognized. Beside a few 
sporadic instances of this kind of change 
among such cn^atures as the sea-urchins, 
the leeches, and the insects, the animals 
that show this remarkable capacity are 
found in three independent groups, the 
cephalopods such as the devilfishes and 
squids, the crustaceans including the 
shrimps, prawns, crabs and the like, and 
the cold-blooded vertebrates, the fishes, 
frogs, salamanders, and many of the rep- 
tiles especially the lizards. Among the 
vertebrates the fishes have received per- 
haps the most attention and these ani- 
mals will serve as a basis for the follow- 
ing account. 

The majority of fishes can be show n to 
exhibit more or le.ss change of color. In 
tests of this kind some fishes like the 
squirrel fish of Bermuda will change 
from palo to dark or the reverse in a few 
seconds while others, such as the common 
New* England catfish, will require from 
one to several days to make these altera- 
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tious (Pi^?. 5). Color chHii<»:os aro 
brought about by readjustinruts in the 
pigment eontent of the color-cells, or 
chromatophores, in the skins of these 
animals. The most usual kind of verte- 
brate chromatophore contains granules 
of black pigment and is known in conse- 
quence as a melanophore. In the pale 
condition of such a fish as the catfish the 
pigment is collected about tin* c(*nters of 
the color-cells (Fig. 5, B) ; in the dark 
condition it is scattered throughout the 
bodies of the cells and their pro(*esses 
(Fig. 5, F). The shifting of the fiiginent 
back and forth within the color-(*ell is 
what changes the tint of the fish. 

In addition to the melanophores many 
fishes possess true eolor-(*ells with char- 
acteristic pigments: xanthophores with 
yellow’, erythrophores with red, and 
leueophores with white. In many fishes 
there are groujis of crystalline plates 
which vary greatly in color and wiiich 
are covered or exposed by the migration 
of the pigment in the surrounding 
melanophores. Such (*onibim‘d strin*- 
tures are called chromatosomes. 

Depending upon their chromatophores 
different fishes exhibit different degrees 
of color activity. The common catfish 
possessing only melanophores has a lim- 
ited color range from a pale greenish 
yellow to a coal-black (Fig. 5). In the 
killifi.sh in addition to melanophores 
there are xanthophores, leueophores and 
green-blue chromatosomes. These fishes 
change not only from dark to pale (Fig. 
6) but they may assume yellow, green, 
blue or even red tints. The red colora- 
tion is due to an enlargement of the in- 
tegumentary blood vessels, a true blush. 
The color changes in tropical fishes are 
like those in the killifish except that they 
are much more exaggerated. In some of 
these fishes even the general pattern 
seems open to change, almost to oblitera- 
tion, as in the Nassau grouper (Fig. 7). 
The southern flatfish, Paralichthys, wdll 
respond roughly to different checker- 



PKi. a. KILLIFTSTT 

UPPER, DARK PHASE; LOWER, PALE PHASE. 


board patterns by becoming more finely 
or coarsely spotted (Fig. 8) in acc*ord- 
ance w'ith its background. SiK'h pattern 
changes, mostly due to melanophores, 
when coupled w’ith true color changes 
give tropical fishes an almost limitless 
range of tints. 

IIow’ these (‘olor changes in fishes are 
controlled has been a problem for a cen- 
tury past. In 18t)2 Brilcke pointed out 
that w’hen cutaneous nerves in the cha- 
meleon WTre cut, the areas of skin thus 
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(A) PALE phase; (b) DARK PHASE. (“(’AMOU- 
FLAOE IN NATURE*' BY W. P. PYCR\FT. 1925.) 
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(liMiervated darkened by the dispersion 
of their melanophore pigment. In 1858 
Lister, then a young student of medicine, 
discovered that in the (‘ommon frog the 
eyes were essential to color changes and 
deelar(*d in favor of a nervous inter- 
pretation of vertebrate chromatism. 
Pouchet, whose work on fishes (Fig. 9) 
confirmed that of Briicke on tlie cha- 
meleon and of Lister on the frog, showed 
that tlie part of the nervous organization 
concerned with color changes was the 
sympathetic or autonomic system, a view 
subsequently supported by von Frisch 
and many other workers. Thus the 
nervous interpretation of the iihenomena 
of color change in vertebrates became 
paramount. 

Meanwhile Hogben and Winton, who 
had been actively engaged in the study 
of the chromatism of the frog, were led 
to conclude from their experimental tests 
that in this animal nerves played a 
wholly insignificant part in color change 




if in fact they played any part at all. 
Evidence obtained from experiments on 
the frog^s pituitary gland which is situ- 
ated in the base of its brain led these in- 
vestigators to declare that the dark color 
of this amphibian was due to a substance, 
a hormone, produced in the pituitary 
gland whence it was carried by the blood 
to the melanophores throughout the 
body. The pale color of this animal they 
believed to be due to the absence of this 
substance. Thus the occasion of the color 
changes in this amphibian was shifted 
from nerves to a blood-borne hormone. 
This substance, later called interinedine, 
thus became the all-important factor in 
the chromatism of the frog. From this 
and other work it was concluded that 
though the color changes in fishes and 
reptiles were dominated by nerves those 
in ami)hibians were essentially hormonal. 

This novel and somewhat anomalous 
situation stimulated further work on the 
color changes in the lower vertebrates 



FIG. 8. THE SAME INDIVIDUAL FLATFISH 

ON rOUB DIFFERENT CHF.CKERBOARD PATTERS. (S. O. MAST, HUDL. U. S. BUR. FISH. 1910 .) 
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particularly in the fishes. Much of what 
is new in this field can be illustrated by 
the color responses of the common New 
Enj^land catfish Ameiunis. As already 
stated this fish raiijres in tint from a pale 
jyreenish yellow to a coal-black (Pip:. 5, 
A). It possesses only melanojdiores. 
These are of two kinds larpre in the derma 
and small in tlie epidermis. In the pale 
phase the pip:ment in each color-cell is 
reduced to a dot larp:e or small (Pip:. 5, 
B and C) ; in the dark phase it is spread 
throuprhout the color-cells ami their 
branches (P^ip’. 5, V and G). 

To what extent are the color-chanpes 
in fishes like the catfish under the control 
of nerves and is there any evidence of 
hormone a(dion in such creatures? In 
the catfish as in many other common 
fishes there is pood evidence that the 
color chanpes are at least partly under 
nervous control. If, followinp the pro- 
cedure oripinated by von Prisch, a par- 
ticular spot in the medulla oblonpata of 
the (*atfish is stimulated electrically, the 
whole fish will quickly blanch (Abraino- 
witz, 1936). This re.sponse, however, 
docs not include dcuiervated areas. 
Hence it must be nerve activity that 
induces it. for where nerves ai*e absent 
it fails to appear. Thus the concentra- 
tion of melanophore pipment in the cat- 
fish must be occasioned by nerves. Re- 
sponse's of this kind have been ob.served 
many times in numerous fislu\s and have 
lonp been accepted as conclusive evi- 
dence for the presence of conceiitratinp 
nerve-fibers in thes(* animals. The 
opinion that this type of nerve-fiber is 
present in fishes and as a matter of fact 
also in certain lizards seems established 
beyond all doubt. 

Whether there is an opposinp ty]>c of 
nerve control for n\clanophores is not so 
easily demon.st rated. Prom the time of 
Briicke it has been believed that the dark 
areas of skin due to the cuttinp of cuta- 
neous nerves is the result of the paraly- 
sis of the concentratinp fibers and their 



FIG. 0. TITiniOTS 

WITH DAKKKXKD AKKAS DUK TO DKNKRVATION. 
(rOl (TIKT, .FOCR. ANAT. PHYSIOfi. 1876 .) 

color mechanism. It is possible, how- 
ever, to show the incorrectness of this 
view even on the catfish. If a bundle of 
nerves in the tail of a pale catfish is cut, 
a dark denervated caudal band will 
quickly appear. This band represents 
what the older workers reparded as the 
paralyzed repion of the color system. 
After a day or two, however, such a band 
will blanch considerably and if now it is 
recut in a repion sliphtly distal to the 
initiatinp cut, the band will again darken 
(Pip. 10). Such a redarkeninp could not 
occur if the band was actually paralyzed, 
for the band should then be inactive. 
This second darkening makes it clear 
that the color mechanism of the band is 
still functional and far from paralyzed. 
Hence the view that the caudal and other 
like bands are palayzed must be incor- 
rect. The most probable explanation of 
this phejiomenon is that the cut chro- 
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FIG. 10. TAlIi-FIN OF (UTFIHH 

WITH TArDAL BANDS. UPPER BAND PARTLY 
BliAN(’IIKI) (COMPARE WITH OTHER PARTS OP 
TAIL, FlfLLY BLANCHED) ; LOWER BAND PARTLY 
BLANCHED AS UPPER BAND WAS AND THEN RECUT, 
IN CONSEQUENCE OF WHICH IT HAS DARKENED 
((’OMPARE LOAVER BAND WITH UPPER BAND). 

nuitic* nerve contains at least two sets of 
fibers one of which, the coneeiitratiiif? set, 
is open most easily to electric stimulation 
and the others, the dispersing: set, is 
stimulated most easily by euttin^r. Such 
a view implies double innervation for 
catfish melanophores and puts them in 
the same catejrory as the heart-mimole of 
the hifrher vertebrates where ouej^^ of 
nerve-fibers accelerates and the re- 

tards this or*>an. It is interesti^fo ob- 
serve in this connection that in the inner- 
vation of the melanophores of the perch 
and other fishes as worked out histolog- 
ically by Ballowitz in 1893 not one but 
several nerve-fibers as a rule are distrib- 
uted by numerous terminals to each color 
cell (Fip. 11). Of course one fiber mi^ht 
well be a concentratinp: element and an- 
other a dispersing one. Thus even the 


histoloprical findings in this field are 
favorable to the idea of a double innerva- 
tion. As a matter of fact double inner- 
vation of chromatophores was long ago 
suggested by Bert (1875) for these cells 
in the chameleon, but without supporting 
experimental evidence. This view’ of 
chroinatophoral innervation at least in 
the common fishes seems now’ to be gain- 
ing more general credence (Waring, 
1942) than when it was reaffirmed a 
decade or so ago (Parker, 1932). 

From the evidence thus far presented 
it is clear that the catfish like other mem- 
bers of its group has a very complete 
nervous mechanism for the control of its 
melanophores. Nor is there any re^Lson 
to believe that it needs more. It is, how- 
ever, not without importance to raise the 
que.stion wdiether this fish may not pos- 
sess otluT means of controlling its 
melanophores than the two sets of nerve- 
fibers already described. If such another 
activator were present it might well be 
the secretion from the pituitary gland, 
intermedine. After the removal of this 
gland from a catfish the creature pre- 
sents a remarkable limitation in its ca- 
pacity for color change (Abramow’itz, 
1936). Although such a fish can become 
fully j)ale, it is unable to darkiui in nor- 
mal dark surroundings to more than 
what would be called an intermediate 
stage (Fig. 5, A, D and E). Appar- 
ently this is the limit of efficiency for the 
dispersing nerve fibers, the one obvious 
darkening agent left. If into such a 
partly dark fish a quantity of inter- 
medine is injected, the fish will darken 
fully. This test indicates that the com- 
plete darkening of a catfish is dependent 
upon intermedine which can also be 
.shown to be capable in itself of carrying 
catfish from a completely pale to a com- 
pletely dark state. Hence eatfishes ap- 
pear to have another darkening agent in 
addition to the dispersing nerve-fibers, 
namely the pituitary hormone, inter- 
medine. They thus may be said to 
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possess in all three well established 
melanophoro activators: for darkening, 
pituitary in termed ino and dispersing 
nerve-fibers; and for blanching, concen- 
trating nerve-fibers. 

The catfish, from the standpoint of its 
kinds of melanophore control, presents 
an extremely interesting condition, for it 
possesses not only a nervous mechanism 
in its color system but also a hormonal 
one. This combination, which is found 
in a number of other common fishes, ijidi- 
eates a much closer relation betwtMm 
these tw^o means of color control than 
that implied in the general statement 
that fishes and reptiles activate their 
color-cells by nerves and amphibians by 
hormones. How in fact ar(‘ these two 
systems related ? 

The hormone intermedine is produced 
in the pituitary gland of the brain 
whence it is carried in the blood and 
lymph of the fish to the melanophores in 
the skin and pigment of which is thus 
stimulated to disperse. This is a very 
simple and direct way of applying an 
activating agent to its responding part. 
How do the two sets of chromatic nerve- 
fibers stimulate color-cells? These two 
sets of fibers belong to tlu? autonomic 
nervous system axid might well be sup- 
posed to act on the color-cells through 
the two activators so common in this 


system adrenaline and acetylcholine. Is 
there any evidence that these substances 
are associated with the catfish color 
syst<nn ? 

Appropriately made extracts of catfish 
skin can be examined for adrenaline by a 
biochemical test as shown in the re- 
sponses of a Straub frog-heart prepara- 
tion. Adrenaline is destroyed by heat. 
When unboiled and boiled extracts of 
catfish skin are applied separately to 
Straub frog-heart preparations, a vigor- 
ous response is died ted by the unboiled 
extract and a very faint reaction by the 
boiled one. As these tests are specific for 
adrenal in(‘ the excess of response to the 
unboiled over the boiled extract must be 
due to this agent. Jt is therefore clear 
that the unboiled skin extract must con- 
tain some adrenaline. Bray showed as 
early as 1918 that 0.2 cc. of adrenaline 
one part in a million of Ringer’s solution 
would on injection blanch a whole catfish, 
an observation substantiated by many 
subsequent workers. Taking these sev- 
eral observations together it is beyond 
doubt that adrenaline is a constituent 
of the catfish skin and it is very })rob- 
able that it is the agent which in con- 
junction with the concentration fibers in- 
duces the melanophores of this fish to 
<‘oncentrate their ])igment. 

In a similar way a biological test for 
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acetylcholine can be made use of in the 
responses of strips of leech-muscles to 
ajipropriate fish -skin extracts. This 
method moreover allows of (piantitativc 
results. By its use the amoinit of acetyl- 
choline per frram of w’ct fish skin has been 
found to be 0.078 f>:Hmma or about one 
part of actetylcholine to 13 million parts 
of skin. It is not easy to appreciate the 
smallness of this (piantity of acetyl- 
choline. If we assume the distance from 
Boston to New York, some 230 miles, to 
represent a p:ram of skin, the weight of 
acetylcholine, 0.078 jrarnma, would be 
equal in such a distam^e to about an inch. 
This comparison may frive us some con- 
ception of how small the effective amount 
of this a^ent is in a catfish’s dark skin. 
While this determination was being 
worked out in the Harvard Laboratories 
another made by the same method was 
published by Chang, Ilsieh, and Lu of 
the Pekin Union Medical College on the 
skin of the Chinese snakefish. The de- 
termination by these investigators was 
0.077 gamma of acetylcholine per gram 
of skin. The closeness of these two de- 
terminations must be regarded as in a 
measure accidental, for it is unlikely that 
such uniformity exists. The two num- 
bers, however, show in their approxima- 
tion the. order of magnitude of the 
amounts of acetylcholine involved and 
make it fairly certain that these amounts 
are prodigiously small. Acetylcholine 
when injected into eatfishes with proper 
precautions will darken them. Hence 
this substance may well be the agent as- 
sociated with the dispersing neiTe-fibers 
in their darkening effect on tlie catfish 
skin. 

If, as is suggested by the preceding 
consideration, concentrating nerve-fibers 
act on melanophores through adrenaline, 
and dispersing fibers through acetyl- 
choline, the melanophores must bo sub- 


ject to much the same type of stimulation 
hy nerve-fibers as by iritermedine in that 
in both instances there is a direct appli- 
cation of a dissolved activator to the 
outer surface of the color-cell. This ten- 
tative view leads to two important con- 
clusions. The first is that the frequently 
made distinction between stimulation of 
color-cells by hormones and by nerves 
is of very little significance, for both 
methods are in reality the same and de- 
pend upon dissolved materials applied to 
the color-cells. And the second conclu- 
sion is that the type of stimulation in the 
chromatic system falls exactly in line 
with what is being developed at present 
for the nervous system in general, 
namely, that one nervous unit, be it sense 
cell, nerve cell, or appended cell, is stimu- 
lated by another not through purely elec- 
tric disturbain^es that pass from one unit 
to the next, but by substances such as the 
three herein named. These sid)stances 
are g(‘nerated by the discharging unit 
cand activate the receiving one. Accord- 
ing to this view such substances are the 
universal means of ])assing impulses 
from one eleimmt in the nervous system 
to the next and are thus of first impor- 
tance in the physiological integration of 
nervous activity. They have been vari- 
ously called chemical activators, neuro- 
hormones, transmitters, neurohumors, 
and the like, but the substances thus 
designated all act to the same end, the 
transmission of nerve impulses from one 
nervous unit to its neighbor. It is grati- 
fying to observe that the study of the 
color changes of animals supports this 
general conception of nerve activity, per- 
haps one of the most important steps in 
the modem study of the nervous system, 
that system of organs which has more to 
do with making us what we really are 
than any other system in our whole phys- 
ical organization. 
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Perennial snow differs from seasonal 
snow chiefly in its survival, and the dif- 
ferenc'C in ajre between new and old snow 
may be a matter of days or even hours. 
Their physical difference, however, may 
be extreme. 

Snow Density 

New snow lacks initial coherence 
thouj^h its density may vary from the 
fluffiest snowflakes to the wettest slush. 
The lightest density reeorded on the 
ground at the time of fall is 0.4 per cent 
(0.004) watm* equivalent in Sodaiikylii, 
Finland, during the winter of 1017-18, 
and a snowfall of 0.5 per eent water 
equivabmt was recorded at Charles City, 
Iowa, during the winter of 1004 05. 
However, it is difficult to determine with 
precision the density of either fluffy 
snow or feathery rime because of the 
irregularity of the surface. 

Snow density varies primarilv with 
temperature, humidity and wind. The 
simpler crystals, whether columns or 
plates, are formed where the air is cold 
and therefore at high altitudes, whereas 
the complex star-shaped crystals are 
formed in relative warmth, and by the 
interlocking and refreezing of their fern- 
like points may form combhu»d snow- 
flakes of two to three and probably four 
inches in diameter.^ 

1 This is the third in a series of articles by 
Dr. Church on “The Human Side of Snow.“ 
The first appeared in February, 1937, and the 
second in March, 1942. 

2 “Heavy precipitation (intense rate) favors 
large flakes, also rather quiet air. The flufliest 
snows come in weather too cold for flakes to 
form except by the enmeshing of the points of 
complex crystals. * * — Dr. Charles F. Brooks in 
Report of Research Committee on the Hydrology 
of Snow, Trans. Amer. Gcophys. Union, p. 442, 
1942. 


Furthermore, because of difference in 
ab.solute humidity the eolumiis and 
plates are sparse and the stars dense. 
On the other hand, because of simplicity 
of form the (*oliimns and plates will pack 
together under movement more readily 
than the stars, thus simulating water- 
laid sand. 

Pai'adoxieally, the eold-born snow, 
though initially lighter, soon becomes 
ilenser than the warm-born snow and 
quickly approaches maximum density. 
The transition was noticed during winter 
observations on the inland ice of Green- 
land. The measurements were made by 
Helge liangsted (unpublished report). 
In no ease did the depth of “new-born^* 
snow exceed 1.4 inches, so small was the 
quantity. Therefore gravity had little 
or no part in the increase in density. 
The temperature ranged from -17.2*^ to 
-15.0^ (M).4° to 4 5.0°P\). The 

air was still. The snow density at the 
two temperature extremes was 3.6 per 
eent, or about one-third of the formular 
density of 10 per eent. During the night 
at a temperature of - 18.1° 0. (- 1.0° F.), 
but during wind the density increased 
to 11.5 per cent (average of four meas- 
urements) ; where the snow was less 
exposed to the wind the density increased 
to only 5.6 per cent. 

New snow after apparently only a day 
or a night of drifting attained an average 
density of 17.6 per cent. Later in the 
same period snow only 2.9 inches in aver- 
age depth attained a density of 24.3 per 
eent. The density of old snow (depth 
5.8 inches) was found to be as high as 
28.0 per cent. Drift snow (depth 7.2 
inches) after sufficient movement to 
cover the sled had a density of 35.4 per 
cent. 
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But high-mountaineers are not always 
fortunate in finding wind-packed snow 
along their route. Soft snow was found 
by Whymper at 20,000 feet in the Andes. 
He wrote, ‘‘Louis Carrel could not touch 
bottom with a twelve-foot pole that he 
was carrying. It would have continued 
to descend by its own weight if he had 
left hold of it . . . as the slope steepened 
the snow bceaine firmer again.’*^ Fitz- 
Gerald encountered at 18,700 feet on 
Aconcagua, Chile, in the Andes, “high 
clouds of driven snow, fine as sand, 
which nearly suffocated them,“ and 
“fell into a huge drift of soft snow.“^ 
The minimum temperature was -28"" C. 
(-18.4°F.). Of the Himalayas, Odell 
writes, “Our .soft snow on Nanda Devi 
up to 25,000 feet was in a more or less 
sheltered reentrant of the mountain, 
while the exposed summit calotte (25,645 
feet) had on the whole a harder com- 
pacted surface, although not uniformly 
so. The more sheltered parts of the 
flanks of Everest’s north face are of soft 
floury snow, and there is on the whole 
only restricted wind.slab on the more 
siilicnt portions,’’^ 

However, wind-blown snow quickly a(*- 
quires a high density which is only 
.slightly increased during the season. 
The firmness of this .snow under foot 
usually makes mountain a.scents easier in 
winter than in summer. 

Capilijirity 

Snow density is not necessarily syn- 
onymous with grain size nor with loss 
of capillarity known as ripeness. 

As snow ages, the more delicate })oints 
and angles of the crystals melt or sub- 
limate to rejoin the residual nuclei and 
increase their size, but at the expenditure 

3 << Travels Amongst the Great Andes of the 
Equator,’* by Edward Whymper, pp. 68, 71 
(Ascent of Mount OhimboraKO, Ecuador). 

***The Highest Andes,” by E. A. FitzGerald, 
pp. 89, 92, 114. 

6 Unpublished correspondence, International 
Commission of Snow, Washington Meeting, 1939. 


of the tiny capillary canals and the 
larger superficial area of the original 
grains. 

Density expresses water equivalent 
and crystals of large size and large voids 
may not possess the capillarity of the 
smaller crystals unless the voids have 
become filled by congealing melt water. 
This lack of capillarity in coarse grains 
is due to the tendency of melt water to 
follow the contour of a cry.stal and form 
a film about it by surface tension imstead 
of filling the voids. However, if the 
ma.ss is supersaturated and adhesion is 
no longer possible, the water flows by 
voids or conduits, called gravity flow. 

New snow exceeds old snow in caj)il- 
larity but windblown snow because of 
the smallness of its voids loses little of 
its early capillarity with age. 

On the basis of density, snow may be- 
come ripe or unable to sustain its water 
load at 30 per cent density. The average 
of many measurements indicates limits 
of 30.1 36.2 per cent where the crystals 
are somewhat protected from breakdown 
by wind action, and 38.2-48.4 per cent 
where the snow is windblown. After 
weathering begins, tin* grain size does 
not greatly change unless exaggerated by 
repeated thawing and freezing or by 
pressure, and the density of the various 
strata including crusts tends toward uni- 
formity. 

Solid ice naturally has no capillarity 
beyond the surface tension of its exterior 
and therefore responds immediately to 
melting. 

Insolation 

Although warm turbulent atmosphere 
establishes direct thermal contact with 
the .snow and may produce floods, insola- 
tion or exposure to the direct rays of the 
sun is seasonally more effective because 
of its longer application. The surface 
of the snow near midday in sunlight may 
melt although the air temperature in the 
shade is -10°C. (18® P. below freez- 
ing). 
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C. II. Diehold, of tlie U. S. Forest Ser- 
vice, reports that melt rates in the oj)eu 
have been found to be from 1.5 to 2.0 
times that in the forest,*^ where shadinjjf 
is relatively complete. Visual evidence 
of this protection is abundant in the lee 
of forest screens where the snow line is 
identical with the line of shade. Like- 
wise in the open, the insol at ed and 
shaded sides of snow even of small size 
melt at unequal J*ates. 

An imj)ressive example 1o travelers by 
bus over the Sierra Nevada was the di.s- 
parity in the melting rate of the opposite 
snow walls cut by snowplow on the Don- 
ner Pass highway in February, 1942. 
The wall exposed to tlie sun had re- 
retracted from 6 to 12 inches behind 
the markers set to indicate the edge of 
the pavement while the shaded wall was 
still in its original location or at least 
was flush with the markers. From bot- 
tom to top of the pass the height of the 
walls varied from approximately 4 to 10 
feet but the retraction sh<)wed practi- 
cally no variation with increase in alti- 
tude (6,0(K)-7,000 ft.) but rather with 
the angle of incidence of the sun. Dur- 
ing this period at Soda Springs near 
the summit of the pass the extnmie 
maximum temperature was 46° P. and 
the minimum -16° P. The mean air 
temperature above 32° F. (or freezing) 
was only 2.6° F. 

A recent but unusual example of this 
disparity between sun and air tempera- 
ture was the formation of snow reliefs 
in shadows of slender survey-markers 
set up in the snow. These reliefs, which 
were plainly visible, had identical orien- 
tation, pointing from the sun at the time 
of its greatest heat efficiency near mid- 
afternoon. 

Dr. Robert E. Horton suggests that, if 
possible, comparative laboratory or con- 
trolled tests be made of melting rates 
of snow in the same ambient atmosphere 
with one sample exposed to the sun but 
the other in the shade. Ideal conditions, 

Min. EHstern Snow Conferenco, Sept. 8, 1941, 
p. 9 (Mimeo.). 



DRIFT SNOW 

m TllK LEE OF AN 1(!E HUMMOCK ON THE OIIEEN- 
liAND INLAND ICE. THE RELATIVE DEPTH OP THE 
SNOW IS SHOWN BY THE HOLE IN FOREGROUND. 
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EARLY STAGES OP INSOLATION 
AND FORMATION OF SUN CUPS NEAR SODA SPRINGS, 
SIERRA NEVADA, AT AN ELEVATION OF 6,767 FRET. 
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UNEVEN MELTING IN SUNSHINE 

CAUSED BY SELP-SHADINfl. ORIGINALLY THE KOOP 
WAS EVENLY COVERED WITH SNOW, EXCEPT FOR A 
SNOW CORNICE ON THE RKHIT. SOON AFTER THE 
PICTURE WAS TAKEN THE SNOW REMNANT OVER- 
BALANCED AND FELL FROM THE ROOF. APPAR- 
ENTLY THE INSOLATED TACK OF THE SNOW COVER 
ON THE LEFT MELTED FOUR TIMES FASTER THAN 
THE SHADED PART ON THE RIGHT. THE OPAQUE 
ROOF ACCELERATED MELTING FROM THE SIDES 
AND BENEATH. 


however, would require dazzlinj^, fresh, 
soft snow, possessinji: a possible maxi- 
mum albedo or reflectivity of 87 per cent, 
in order to exiilude the radiation of heat 
that occurs from opaijne objects in the 
snow. Care must also be taken through 
air-conditioning to prevent ‘'green- 
house” influence on the insulated sample 
of snow. 

Dr. Brooks suggests “the need for the 
application of observ(‘d insolation to dif- 
ferent slopes. The network of U. S. 
Weather Bureau solar stations in the 
United States now is almost suflBcieiit 
for fairly close estimates of the insolation 
impinging on any slopes. More stations 
would be desirable.” 

The depth of penetration of the sun^s 
rays into snow has been found by Kali- 
tin^ to be 15 centimeters (5.9 inches) for 
wet snow and 60 centimeters (23.6 
inches) for dry. On the Oreeland in- 
land ice, 1926-1928, the author found 
that opaque bodies sank only pencil deep 
(6-7 inches) into the ice where they re- 

7 N. N. Kalitin, MoaHurcmentB of the Albedo 
of a Bnow Cover, Mo. Wcath, Ecv., Feb., 1930. 
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iiiained inert. The diameter of the holes 
was proportional to the area of the 
opaque material, tiny objeets produein*? 
a hole the diameter of a lead pencil. 
Most holes were cn'seent-shaped and 
tilted toward the sun as in the case of 
the pinnacles of the nieve penitente. 
The shallowness of the holes was prob- 
ably due to the presence of melt water 
that could not escape. 

At 6,000 feet in the vicinity of Soda 
Sprinjrs at the end of March, 1942, sun- 
cups in the snow cover had attained a 
depth of five and one half inches irre- 
spective of the diameter of the opaque 
material causinji^ them, tiny i)ipe-stem 
holes beingf as deep as the others. Since 
the water drains off freely, there may 
be an opportunity here to study the pro- 
portional f?rowth of cups of varying 
areas unaffected by water blanket. 

Here within the sweep of the rotary 
snow plow, ejecta of soil and gravel on 
the snow surface provided a complete 
exhibit of radiation effects from the in- 
verted cone containing a single pebble, 
through the broad cup produced by 
several sej)arate })ebbles acting in unison, 
to the mound protected from the sun by 
thick material as completely as the ice 
beneath the Arctic tundra. 

Likewise the pavement after a storm 
carries the story of radiation in the ice 
film still clinging to the white concrete 
and the dry surface of tin* bla(*k as- 
phaltum. Similarly the trees hold their 
white loads of snow so long as the sun 
is hidden by clouds but when the sun’s 
rays touch the bark or needles radiation 
from them disengages the clasp of the 
snow, which soon slips and falls from its 
precarious perch. 

On the open snow incipient pinnacles, 
suggesting miniature snow spray, mark 
the break down of the snow surface. Oc- 
casionally an ice window-pane over a de- 
pression provides green-house warmth to 
accelerate melting. 

Rates op Melting 

The rate of melting depends funda- 


mentally upon the sun’s warmth and the 
length of its application. A daily rate 
is unsatisfactory, for the length of the 
melting day varies with altitude and 
cloudiness. For example, at Soda 
Springs (6,767 feet elevation) the daily 
period December- April does not nor- 
mally exceed 6 hours and the snow sur- 
face begins to congeal while the air tem- 
perature in the shade above it may still 
be 35° P. or even higher. 



EFFECT OF A TIMBER SCREEN 

IN REI’ARDING THE MELTING OP KNOW IN ITS LEE, 
NEAR LAKE TAIIOK, SIERRA NEVADA MOUNTAINS. 

THE SNOW AND SHADE LINK ARE IDENTICAL. 

During the month of April, the aver- 
age daily melting per degree P. above 
freezing for the years 1936-1941 was 
0.051 inch of water and the maximum 
divergence for these years was only 
0.015 inch, despite variation in depth 
and density. The temperature above 
freezing is plainly the controlling factor. 

Flood intensity in snowflelds depends 
upon rate of melting but flood magnitude 
upon its continuance without interrup- 
tion. An extremely high natural rate 
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of nieltiiijr has boen rejiorted by David 
W. Hulliiifjhorst, 11. IS. Engineer Office,* 
for the Caiiacadea C.'reek Basin, New 
York, April, 1940, when 1.25 inches of 
runoff were generated in ai)proxiinately 
four hours on the GO-square mile area, or 
0.313’* inches hourly for the period. lie 
suggests that when the snow reaches a 
critical state, it becomes slush and moves 
when the cry.stalline network breaks 
down. He continues, ‘‘The thermal 
quality appears to be an index of the 
critical condition but at least one other 
index, probably density, is required to 
fully define the critical condition.” 

* Minutes Kostnrn Snow Coufcrenee, Sept. 8, 
1941 (Mimeo.). 

On the basis of a 6-hour melting day at Soda 
Springs or .076 in. hourly, the flood melting at 
Canacadeu Oeek Busin was four times the long 
time average at Soda Springs. The tempera- 
ture is not available. 


The estimate by Hullinghorst repre- 
sents the average melting for an entire 
basin rather than the maximum rate at 
any point. 

Beneath the snow cover is an in- 
dividual world inviting the searcher’s 
acquaintance: the formation of crusts 
and their growth from daily thawing 
and freezing, the effe(*t of latent heat in 
ac'celerating melting and of porosity in 
hastening freezing, the diurnal freezing 
and thawing within the snow-cover de- 
spite the accepted non-conductivity of 
snow, the perched strata of rain water 
imprisoned in the snow isolated from the 
dry granular snow below and its early 
release with rising tempen*ature, the crys- 
tal change until at last the snow is gone. 
All these and more are themes in the 
project of snow studies now organized at 
Soda Springs by the Nevada Agricul- 
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tural Experiment Station and the United 
States Weather Bureau with the in- 
formal but sympathetic cooperation of 
many or^canizations grown interested in 
snow til rough the yeai*s. 

Glaciers 

In its liydrological features the glacier 
or flowing ice is closely associated with 
snow, which is its original sour(*e. It 
differs only in possessing the additional 
factor of perennial existence. Other- 
wise the cycle of the glacier basin re- 
sembles that of the more prevalent snow 
basin. 

The glacier basin is one in which the 
snow accumulation has exceeded the run- 
off. This excess in turn is due to tem- 
perature, which in its turn may be due 
to latitude or altitude. 


Accumulation 

Since the upper reaches of a glacier lie 
in a zone of prevailing cold, the newly 
fallen snow and condensation there are 
less subject to continuous melting though 
exposed to c(»aseless evaporation. If the 
elevation is excessive, the precipitation 
will be light. This deficiency, however, 
is offset by drift snow from outside the 
glacier area and the self-protective depth 
of drifts that naturally form on wind- 
swept slopes. 

The greatest acH'umulation is neces- 
sarily above tlie point of equilibrium of 
the glacier and by its head acts as the 
driving force of the glacier tongue. The 
accumulation, which in its turn enters 
the glacier stream, is renewed seasonally 
or continuously depending on the nature 
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EFFECT OF CONTINUOUS OPAQUE MATERIAL IN PREVENTING MELTING 

ALTHOUGH THE SPARSE MATERIAL ACCELERATES IT. NOTE THE RESULTING WAVELIKE EPPECT. 
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of the precipitation cycle, but its amo\nit 
is variable. 

Formation of Firn or Nkv£ and 
Glacier Ice 

The snow in f?lacier basins is both sea- 
sonal and perennial, the relative aniount 
of each depend inj? upon the conserving 
power of the slopes. This is indicated 
roufifhly by the relative area of the gla- 
cier surface. Yet not all snow that falls 
on the glacier surface (*an be considered 
perenniah for it may melt and run off 
with other seasonal snow particularly on 
the lower reaches or fringes of the ice 
and come out in the glacier stream 
below. 

The distinction between seasonal and 
perennial snow or firn is as already sug- 
gested one of survival, which may carry 
with it a gr(*ater maximum density due 
to concentration of melt water from per- 
sistent freezing. The maximum density 
of seasonal snow appears to range from 
35 to 58 per cent. The density of firn 
may range from even less to that of gla- 
cier ice, 86 to 91 per cent. The initial 
density, however, is usually nearer 45 
per cent. 

The j)hysical change of snow" to firn is 
one of crystal growth caused by evapora- 
tion and pressure but accelerated by 
melting. As expressed by Scligman,'® 
the delicate plumes of newdy fallen snow 
gradually evaporate and the water vapor 
condenses upon the residual snow crys- 
tals and thus enlarges them. The physi- 
cal properties of the snow and firn at 
successive stages have been set forth by 
him in the following table : 

The air spaces between the individual 
flakes of new snow continue as a rami- 
fying network of air channels through- 
out the firn mass. The extent of the 
air channels diminishes as the density 
further increases and the channels be- 

loOorald Scligman, The Structure of u TeiU’ 
perate Glacier, Geog, Jour.y 97: 295-317, 1941. 



Specific 

Grain 


Kind of 

gravity 

size 

Depth 

snow 

or 

(milli- 

(meters) 


density 

meters) 


Settled snow 

0.291 

0.1-0.2 

0.16 

Early firn 

0.437 

0.3-0.5 

1.10 

Denser firn 

0.463 

0.6-1.3 

2.70 

Old firn (3 yr.) 

0.72 


14 

New ice (6 yr.) 

0.80 


23 

Pinnacle ice 

0.92 




come interrupted and sealed into non- 
communicating chambers. This stage 
is snow- or glacier-ice, and is distin- 
guished from water-ice by its larger con- 
tent of imprisoned air, w’hieh imparts a 
grayness to its appearance. This was 
very obvious on the inland i(?e of Green- 
land where vertical fissures had filled 
wdth water and frozen into clear blue ice. 
These appeared to be the source of the 
blue bands in the icebergs. 

Since the air channels in the ice are 
no longer continuous, ice is not perme- 
able to water except where fissured or 
traversed by miihlcn down which sur- 
face whalers spiral into the depths. 

Glacier fields have been classified into 
alpine, sub-polar, and polar on the basis 
of temperature, but unfortunately pre- 
cipitation and altitude modify the simple 
relationship of latitude, so that heavy 
melting occurs even at high latitudes 
where the elevation is low. Only above 
2,500 meters in Greenland at latitude 
70° N. was melting entirely absent, and 
slight melting in Antarctica occurs near 
sea level even above latitude 80° S. 

The fundamental factor of pressure 
separate almost wholly from melting has 
been observed by Ernst Sorge,'' at Eis- 
mitte, at an altitude of 3,000 meters 
(9,842 feet), Wegener’s central station 

11 Ernst Sorge, The Scientific Results of the 
Wegener Expedition to Greenland, Geog, Jour., 
81: 383-344, 1933; Glaeiologische Unter- 

Buchungen in Eismltte : Wissenschaftliche Ergeb- 
nisso der Deutschen Grdnland-Expedition, Al- 
fred Wegener, 1929 and 1930-31, vol. 3. 
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in Greenland. In 21 annual layers, only 
at one single spot was an ice erust 
found, and this was no larger than a 
hand. 

Here the mean annual increase in the 
inland ice was found to be 31.4 centi- 
meters (12.4 inches) water. The snow 
cover was penetrated to a vertical depth 
of 15 meters (49 feet), or through 21 
years of snow accumulation. An in- 
crease in xlensity was measured from 34 
per cent at the surface to 54 per cent at 
15 meters or 46.7 per cent average den- 
sity for practically the entire depth. 

Because of lack of cohesion the weight 
of the snow was unusually etfective in 
increasing its density by expulsion of air. 
the sound of which appeared to be dis- 


tinctly audible. At 475-785 centimeters 
the daily settling averaged 2.7 milli- 
meters; at 695-1005 centimeters, 1.9 
Tnillimeters. At 15 meters the rate of , 
increase in density was approaching the 
vertical. The temperature at 16.6 meters 
was -28.65° C. (-19.6° P.) and below 
the influence of seasonal changes. Sorge 
estimates that a depth of 200 meters will 
be necessary to compress the snow to 84 
per cent, and 1,000 met(‘rs to 90 per cent. 

The “ice cap“ in Central Greenland 
w^as measured seismographically by 
Wegener as 2,500-2,700 meters. At 120 
kilometers from the western rim of the 
inland iee, where the glacier ice is ex- 
posed, the iee was approximately 1,700 
meters thick. Since the elevation above 
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BARRIERS TO INSOLATION 

THIS PICTURE SHOWS THE RELATIVE EFFECTS OP TOWEL, BRANCH AND HEAVY GRAVEL IN PROTECTING 
SNOW COVER FROM INSOLATION. THE TOWEL IS HUNG UP ON THE SNOW CONE PRODUCED BY ITS 
SHELTER. THE CONE BEHIND THE FALLEN BRANCH IS SLIGHTLY EXPOSED TO INSOLATION AS COM- 
PARED WITH THE FORMER AND CONSEQUENTLY IS SMALLER. BOTH HAVE BEEN BOMBARDED WITH 

GRAVEL SINCE THEIR INCEPTION. 
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si*a level at 120 kilometers is approxi- 
mately 700 meters lower than at Eismitte 
(400 kilometers), it can be fairly as- 
sumed that the glacier ice found at the 
former point would appear at within 700 
meters beneath the surface of the snow at 
Eismitte, where accfumulation is at its 
full activity. 

At Jungfraujoch in the Alps in a 
shaft at 3,640 meters altitude, the firn 
was found by Seligman to attain a den- 
sity of 69 per cent at the depth of 20 
meters (66 feet) though without further 
increase in density to 28 meters (92 feet), 
but in crevasses at 3,330, 3,200, 3,140 
meters altitude densities of approxi- 
mately 86, 84, and 85 i)cr cent were found 
at depths of 23, 17, and 13 meters respec- 
tively. The transitional zone from firn 
to ice was found at 19, 16, and 11 meters 
in each, but some of the original firn 
from which the glacier ice had been 


formed had disappeared probably by 
melting, for the firn line occurred at 
3,020 meters, immediately below, or at 
620 meters lower elevation than the ini- 
tial shaft. 

Seligman remarks that the change 
from permeable firn to impermeable firn 
or ice is not accompanied by a marked 
rise in either the density or the grain 
size. Furthermore, that at the latitude 
and altitude of Jungfraujoch zero tem- 
perature, Centigrade, ruled below the 
depth of 15 meters throughout the year. 
In the case of the open crevasses, situ- 
ated 300 to 500 meters lower, air tem- 
perature has evidently had access to tlie 
surface and the depth to the transitional 
zone of firn to ice has been reduced by 
melting of the more recent seasonal 
layers. 

Is there a pressure melting point at 
which the continuous air channels in the 



BREAKDOWN OF SNOW-CRYSTALS ON SURFACE OF SNOW 


Ernie Mack 
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Ernie Mavk 


SNOW AND ICE “LACK’» FKOM THE SPllAY OF A MOUNTAIN STREAM 

SHOWING THE STRATA OF ACCUMULATION AND THEIR WEATHERING. 


firii are squeezed out or diked into pock- 
ets? This may be indicated by the fiud- 
mtr by Oxford University's Arctic expe- 
dition under A. R. Glen to North East 
Land in 1935-36 that ‘‘at the depth of 
70 feet in the ice cap the temperature 
was fairly constant at 0.0 C. but at a 
somewhat greater depth an unfrozen 
lake was found. Possibly confirming 
this was the presence of “weeping" at 
the face of the Greenland inland ice no- 
ticed by the author in midwinter of 1927- 

1928. ’ ^ 

Spitzbergen and Iceland, classified by 
Ahlmann as subpolar, afford ideal fields 
of glacier study because of low elevation, 
heavy precipitation, and seasonal tem- 
perature influence. 

12 The Glaciology of North East Land, GeO' 
grapka AnnaUt, ‘vol. 21 ; The Oxford Univer- 
sity Arctic Expedition, North East Land, 1935- 
36, Geog. Jour,, 90: 289-314, 1937. 


The high initial density of the snow at 
the former, at altitudes of 845-850 
meters, as compared with central Green- 
land, at an altitude of 3,000 meters, is 
shown in the following table:'® 



Depth of Per- 
moas. centage 
(centi- don- 

moters) sity 

Observer 

Central Greenland 

0 to 238 

36.6 

Sorge 


0 to 497 

39.8 

( ( 


0 to 1,346 

46.7 

< ( 

Spitzbergen 

22 to 225 

64.2 

it 


0 to 400 

57.0 

Ahlmann 


Sverdrup's investigation showed that 

13 Ernst Sorge, Glaziologische Untersuch- 
ungon der Doutschen Spitzbergenexpeditlon, 
1935, Trans, Internal, Commissions of Snow 
and of Glaciers, Edinburgh, 1936, Bull. 23, In- 
lernat. Assoc, of Scientific Hydrology, pp. 73.3- 
43. 
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“the nejrative winter temperature had 
disappeared b}" the bcKiuning: of August 
and that the temperature of the flrn was 
then at melting point throughout. The 
most important factor in bringing this 
about was apparently the percolating 
thaw water. Thaw water, regelating on 
the flrn grains, is, in Ahlmanii’s opinion, 
also of decisive importance to the slow 
growth with depth of the individual firn 
grains and their grapelike agglomera- 
tions, 

A striking example of transition from 
firn to glacier ice was found by Ahlmann 
in Iceland in 1936, where accumulation 
and ablation are “inconceivably” large. 
To quote from his report,’^ “At the end 
of the accumulation period proper, in the 
middle of May, the 1935-36 annual layer 
Hans W : son Ahlmann and Sigurdur 
Thorarinsson, Vatnajdkull, {Scientific Results of 
the Swodiah-Icelandic Investigations, 1936-37, 
Oeografisica Annalcr, 19: 146-229, 1937. 


in the eastern part of Vatnajokull 
amounted to 700 centimeters of snow, 
corresponding to about 3,700 millimeters 
(145.6 inches) of water. ... In the 
higher parts of the accumulation area 
300-400 centimeters of snow remained 
of the layer deposited from March, 1934 
to the autumn of 1935. 

“The 1935-36 annual layer was well 
stratified by a great many ice crusts and 
layers of water-logged snow. At a cer- 
tain depth in the pits, varying with the 
altitude above sea level, the snow began 
to assume negative temperature, which 
fell to -3° C. or -4° C. deeper down. 
The water-logged snow remained at 
freezing point throughout the sections, 
and so did some of the ice crusts. 

“At the boundary surface formed in 
the autumn of 1935 the structure of the 
material suddenly changed from snow to 
coarse-grained, porous firn. The recrys- 



RIPPLE MARKS IN BOTH SNOW AND ICE 

CAUSED BY EVAPORATION ACCELERATED BY WARM DOWNSLOPE WINDS ON THE INLAND ICE OP GREEN- 
LAND. THE WARMTH CREATES MOISTURE WHICH IS MORE 8U8CEPT1BMC TO EVAPORATION THAN 
rsOZEN SNOW OR ICE. THE DEPTH OF THE SNOW 18 SHOWN BY THE PIT IN THE LEFT FOREGROUND. 
StALED ICE CRACK8, SUCH AR THAT ON THE RIGHT, APPEAR AS BLUE BANDS IN ICEBERGS. 
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tallization of this firii to glaoier ice could 
also be followed and studied/^ 

Such coarse-j^rained, porous firn, sug- 
gestiiifj; hailstones saturated wuth water, 
so unconsolidated that the author sank 
ankle-deep in it, was observed in Aiu^ust, 
1928, at 4,500 feet elevation at the edjre 
of Nugssuak ‘Mce cap,’^ Umanak Fjord, 
Greenland. The impending winter 
would quickly chancre the mass to ice 
ap:p:regate. Seligman proposes the 
irrowth of crystal grains in glacier 
tongues as the subject of his next re- 
search and Sorge would obtain firn cores 
at greater depths in the back of the 
Greenland ice. Can a snow sampler of 
thirty times the present length be devel- 
oped to accomplish this? 

The persistence of grain characteris- 
tics where not too greatly affected by 


melt water has been noted by Sorge in 
Greenland and Spitzbergen and has 
made possible the identification of sea- 
sonal strata by their density and the 
summer and winter acc.retions in them. 
Each region shows its climatic character- 
istics. 

For example, in Greenland the winter 
snow is denser than the summer snow. 
For the summer snow is coarse grained 
and loose and in the higher places of the 
inland ice is crusted little or not at all. 
The winter snow, on the other hand, is 
fine grained and hecomes very solidly 
packed, often through the storms of the 
winter. This slight excess of density is 
preserved at leavSt to the depth of 15 
meters. In Spitzbergen the summer de- 
posits melt and freeze and are denser 
than those in winter, when the snow falls 
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as powder snow of much lighter density. 
In Iceland rain and snow fall in both 
summer and winter indiscriminately and 
make identification difficult. 

Condensation vs. Evaporation 

In zones where the humidity is high, 
condensation may exceed evaporation, 
but in the Arctic, as represented by the 
Greenland ice, measurements during 
1928 and 1929 indicate an evaporation 
five times as great as condensation for 
both snow and ice and ten times as great 
in the case of water.^® 

Rime formation reaches its largest 
proportions on mountain tops but is re- 
stricted in area and because of its porous 
character is subject to rapid dispersion 
by evaporation. 

Indeed, at high altitudes where cold 
and aridity prevail, evaporation exceeds 
melting and results in the spectacular 
sun pits or nU ve pemienie, perhaps bet- 
ter termed ‘^sun spikes or blades.’^ 
The.se have been discussed particularly 
by Pran(‘ois E. Matthes and Humberto 
Barrera. Sun pits and spikes four 
feet vertical have been seen on Mauna 
Kea. Hawaii, on the Tropic of Cancer 
(23° 27' N.) at 13,250 feet by Chester K. 
Wentworth'* and parallel cases by N. E. 
Odell at 18,500 feet on Mount Everest^® 
at 28° 30' N. Odell reports that “no 

isj. E. Cliun’h, Meteorological Studies: A. 
Climate and Evaporation in Alpine and Arctic 
Zones, Report of the Greenland Expeditions 
of the University of Michigan, Part JI, pp. 
7-59. 

(a) Fran<;oiH E. Matthes, Ablution of Snow 
Fields at High Altitudes by Radiant Solar Heat, 
Am. Gcophys. Union Tram.: 880-85, 1984; (b) 
Humberto Harrera, A Study of the **nit‘ve peni- 
tente** of the Chilean Andes, Trans. Internat. 
Commissions of Snow and Glaciers, Edinburgh, 
1936, Bull. 28, Internat. Assoc, of Scientific 
Hydrology, pp. 587-622. 

C. A. Wentworth, Ablation of Snow under 
the Vertical Sun in Hawaii, Am. Jour, of 
Science, 238: 112-16, 1940. 

i«N. E. Odell, Ablation at High Altitudes 
and under High Solar Incidence, Am. Jour, of 
Science, 239: 879-82, 1941. 


melt-water at all was seen either in the 
cups and pits nor yet trickling away 
from the snow surfaces. The prevailing 
diurnal air-temi)cratures here are well 
below the freezing point, especially at 
this time of the yoav (April) 

Ablation 

The active melting of glaciers is con- 
trolled largely by altitude and insolation. 
At high altitudes the ablation takes the 
form of accelerated evaporation. On the 
North gap of Mount Everest at 23,000 
feet Odell found the midday shade tem- 
perature only 29° F. while the sun tem- 
perature was 105° F. The visible melt- 
ing, however, was surprisingly little. 
“High up on the face of Mount Everest 
a considerable snowfall will in spring 
and summer have evaporated into thin 
air in a few hours without any visible 
melting.” 

The seasonal snow cover on the glacier, 
on the otluT hand, (*au delay melting 
since “much more Jieat radiation is ab- 
sorbed by snow-bare ice than by snow. 
The albeilo of wet snow is 64-70 per cent, 
of ice only 50 per cent.” Ahlmann 
found the great(T reflection by the snow 
“clearly indicated by the ablation curves 
of the Fourteenth-of-July Glacier, Spitz- 
bergen, for different times of the sum- 
mer: th(*y bend abruptly at the tempo- 
rary snow limit.”"* 

Therefore, if the snow cover is thick 
and low, the glacier will be protected, but 
the retreating seasonal snow or firn line 
will leave the ic(» foot exposed to acceler- 
ated anti uncontrolled melting. 

Fortunately, however, when the sky is 
clear, especially at high altitudes, the 
surface temperature not exposed to di- 
rect sunlight is, on account of radiation, 
always below that of the neighboring 
air. The difference is almost as great as 

Hans W:8on Ahlmann and Sigurdur 
Thorarinsson, The Vatnajokull Glacier, Pre- 
liminary Report of the Work of the Swedish- 
Icelandic Investigations 1936-1937, Geog. Rev., 
28: 417, 1938. 



V. K. Antarctic ScriAce 

THE ANTAKCTIC SNOW— PRESENT LURE OP THE SNOW SCIENTIST 

A SNOW CRUISER WHICH 18 BERTHED AT WEST BASK, ANTARCTICA, VIEWED FROM AN AIRPLANE AT 

AN ALTITUDE OP ONE HUNDRED FEET. 


at Tiip:ht, when the surface temperature 
may be five, ten, or even fifteen degrees 
C. below the temperature of the air 
(Dorsey Consequently the crispness 
that instantly occurs on the snow fields 
at sunset and the cessation of melting 
in the Arctic as the sun slightly declines. 

The Regime op Glacier Streams 

The regime of glacier streams can be 
best presented and understood against 
the background of rain- and snow-fed 

2«N. Ernest Dorsey, Properties of Ordinary 
Water substance in All its Phases: Water-vapor, 
Water, and all tho Ices, p. 492. 


streams. Secondo Alfieri has done pio- 
neer work in this field.**^ 

In the Italian Alps and Appenines he 
has selected five basins, three of which 
are snow and glacier, one snow, and one 
mostly rain. The comparison covers 
seven years, 1931-1937. These glacier 
basins are somewhat higher than those of 
the Central Sierra Nevada, and are 
slightly farther riorth. Their peak flow 
should therefore be later. 

The essential characteristics of these 
21 Secondo Alfieri, Infiuenza della Neve e del 
Ghiaccio sulla Portata dei Corsi d ’ Aqua : Inter- 
nat. Com. of Snow and Glaciers, Washington, 
1939 (awaiting publication). 
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Virfjil J), tiltmon, Klndurnit of Chester Versteep 

DESICCATED SNOWFIELD 


WITH SUN PITS ALMOST ENTIRELY VANISHED, LEAVING THE SUN BLADES STANDING ALONE. THE LOCA* 
TION OF THIS SCENE IS IN THE CENTRAL HIGH SIERRA AT 13,000 FEET ON THE NORTHERN APPROACH 
TO ''THE SPECTATOR," ON THE SIERRA CREST AT THE HEAD OP LAMARCK CREEK NEAR PIUTE PASS 
WEST OF BISHOP, CALIFORNIA. PHOTOORAPHED AUGUST 3 . 



C. A . John Hendry 

UNCONSOLIDATED FIRN AT EDGE OF NUGS8UAK "ICE-CAP" 


IN ARCTIC MID’SUMMER (AUGUST) AT 4,600 FEET, UMANAK FJORD, GREENLAND. A CHARACTERISTIC 
OF nature's PERSISTENT ADJUSTMENT WAS A CLUMP OF ICELAND POPPIES MORE DELICATE IN STEM 
AND COLOR THAN THEIR CALIFORNIA COUNTERPART, BLOOMING AT THE EDGE OF THIS PERENNIAL 
SNOW IN GRAVEL SATURATED WITH ICE WATER. HERE WAS NATtTRE EMERGING FROM ITS ICE AGE. 
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TABLE I 

Hydboloqig Chabacteristios or Alpine Basins 


Stream 

and 

gaging 

station 


Area of Moan 

basin alti^ 

Location (Square tude of 

kilo- bai)in 

meters) (meters) 


Glacier Mean 

surface alti- 

( Square tude of 
kilo- glacier 

meters) (meters) 


Propor- Coefficient 
tion of of annual 
glacier runoff to 
to basin precipitation 
(per (Average, 
cent) 1931-1937) 


— Glacier — 


Lys a D’Ejola 

Alps 

Dora Baltea 
(Mon to Rosa) 

30.4 

3,112 

14.4 3,580 

47 

1.39X 

Frodolfo ai 

Form 

Adda Supe- 
rioro 

48.5 

2,800 

22.8 3,200 

47 

2.04X 

Butor a Promise 

Dora Baltea 

49.8 

2,616 

13.8 2,900 

28 

1.31X 

— Snow — 
Corsaglia 
alia Presa 
Centrale 

Molline 

Maritime 

Alps 

88.5 

1,530 

Generally snow at 
higher altitudes re- 
mains on ground 
for several months. 


0.82X 

— Bain — 
Beno a Pracchia 

Northom 

Appenines 

40.9 

890 

Limited amount of 
winter snow but 
melts quickly. 




five basins are shown in the accompany- 
ing table. 

The heavy melting of the glaciers that 
has been in regression for several years 
naturally increases the coefficient of run- 
off with reference to annual precipita- 
tion. But Alfieri’s reference to non- 
glacier basins in which on certain years 
the runoff equalled or exceeded the pre- 
cipitation indicates lack of sufficient pre- 
cipitation data, probably at higher alti- 
tudes.^^ 

However, even if the coefficient of run- 
off is overlarge, it still represents the 
relative effect of ice, snow, and rain on 
runoff. 

Of the glacier basins, the Frodolfo 
seems to have the most favorable altitude 
for melting of its ice reserve. The Lys 
is too high and the Rutor has too small 

22 The Bhone Glacier Basin (24.19 sq. km.) 
has 10 precipitation stations ; the Montreux 
Basin (13 sq. km.), 50 during 1931-1938; Lake 
Davos Basin (9.47 sq. km.), 16. All should thus 
be ideal for snow and runoff studies. 


a glacier for its area. The Corsaglia, 
though having no ice reserve, maintains 
an extremely high coefficient for snow. 
The Reno, owing to losses of precipita- 
tion in the frequent repriming of its soil, 
has the lowest coefficient of all. 

The monthly and seasonal phases of 
precipitation and runoff can most clearly 
be shown in percentages of the annual 
(Table II). 

The precipitation is quite evenly dis- 
tributed throughout the year with slight 
excess in the summer months. This, 
however, has little effect on the regimen 
of the ice- and snow-fed streams, for 
their phases are chiefly due to tempera- 
ture acting upon accumulation. 

The glacier Ftreams because of the low 
temperature at their high altitude and 
reserves of ice have their major runoff 
during June-September. The lower 
snow-fed basin, Corsaglia, has its major 
runoff in March-June, which ends in the 
exhaustion of the seasonal storage of 
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TABLE II 

Msan Precipitation and Bunoff, Monthly Percentage of Annual 


Annual 

Jan. 

Feb. 

Mch. 

Apr. 

1 

June 

July 

1 

Aug. j 

Sept. 

Oct. 

Nov. 

Dee. 



Glacier — Lys a D ^E jola (Sq. km 30.4 ; 

ice 47%; mean altitude 3,112 meters) 

Precipi- 












tation 1,260 mm 4.3 5.5 8.5 

8.5 

12.5 

8.8 

6.7 

7.6 

10.6 

8.2 

10.6 

8.3 


Runoff 55.6* 

0.6 0.5 0.5 

1.9 

9.0 

19.0 

9$.6 

55.5 

1S.7 

6.6 

1.6 

0.8 

Major runoff 












79 . 5 % 


Frodolfo ai Fomi (Sq. km 48.5; 

ice 47%; : 

mean 

altitude 2,800 meters) 

Prccipl- 












tation 894 mm 5.1 4.7 6.3 

6.9 

1.0 

10.6 

12.5 

11.7 

10.6 

10.3 

6.5 

4.7 


Bunoff 67.9* 

0.8 0.6 0.5 

0.7 

4.0 

18.S 

88.4 

55.4 

15.0 

5.6 

1.7 

1.0 

Major runoff 












85.0% 


Butor a Promise (Sq. km 49.8; ice 28%; mean altitude 2,610 meters) 

Precipi- 












tation 1,484 mm 7.6 6.0 10.2 

7.5 

8.0 

7.7 

8.2 

9.9 

11.5 

6.9 

7.5 

9.0 


Bunoff 61.8* 

1.0 0.8 0.8 

1.9 

9.7 

SI. 8 

85.8 

19.4 

11.8 

4.4 

1.9 

1.3 

Major runoff 












78.2% 












(5 mos. 87.9%) 

Snow — Corsaglia alia Presa della Centrale Molline (Sq. km 88.5; mean altitude 1,530 meters) 

Precipi- 












tation 1,536 mm 6.0 4.3 12.2 

8.3 

11.8 

6.8 

5.5 

6.4 

7.4 

8.9 

14.6 

7.8 


Bunoff 40.1* 

3.3 3.6 7.5 

15,9 

S5.4 

IS.i 

6.4 

3.1 

3.8 

6.7 

7.1 

4.8 

Major runoff 












61.07e 

Rain mostly — Reno a Pracchia (Sq. km 40.9 ; mean altitude 890 meters) 


Precipi- 












tation 2,189 mm 7.9 7.9 11.9 

8.2 

8.5 

8.5 

2.4 

3.2 

4.9 

15.0 

13.7 

10.0 


Bunoff 61.9* 

9,9 9,7 17.6 

8.6 

7.9 

6.6 

1.7 

0.8 

1.0 

9.8 

15.5 

18.1 

Min. runoff 


3 mo8. 3.5% 


* Liters per second per square kilometer. 

snow. The excess of 20 per cent in the 
major runoff of the former three (80.9 
per cent) over the latter (61.0 per cent) 
indicates the present wastaj^e of ice re- 
serves. If annual replacement were 
equal to ablation, the major runoff 
should be more comparable with that of 
the snow, except that the runoff will last 
lonjrer.^* 

The rain basin, Reno, has a continuous 
The amount and duration of melting is 
proportional to altitude. For example, during 
1930-1937 the average amount and period of 
melting of the glacier of Bors (3,050 m.) were 
189 cm. (6.2 ft.) and 2 mos.; of the Lys at 
Balzen (2,330 m.), 790 cm. (25.9 ft.) and 5 
mos. 


runoff, lagrging apparently behind the 
rainfall except that its dry season in 
July-September synchronizes with the 
three months of minimum precipitation. 

The forecasting of the runoff of snow 
and glacier streams requires merely a 
normal or standard of comparison of the 
annual snow cover and the ablation of 
the ice. As early as 1914 Dr. Alfred de 
Quervain and Dr. R. Billwillcr began 
sampling the annual reserve of snow in 
the neve of glaciers.**. This system 
should be extended to the entire water- 

24 J. E. Church, Present Methods of Glacier 
Study in the Swiss Alps, Mo, Weather Rev,, 52: 
264-66, 1924. 
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shed both non-glacicr and glacier in the 
same manner as applied to snow basins. 
Because of the ruggedness of the terrain 
the percentage method should preferably 
be used. Where possible, stream-gaging 
stations should be established particu- 
larly in the non-glacier areas as a check 
on the accuracy of the snow-surveys. 
Precipitation stations would be a valu- 
able supplement. 

Since fluctuations in temperature can 
not be forecast, estimates should be con- 
fined to the total major runoff rather 
than to peak flows. 

Through the pioneer efforts of Dr. 
Otto Liitschg-Lotscher'^® photogrammet- 
ric surveys of the fluctuation of glaciers 
in volume now provide an accurate 
method of determining the seasonal 
water content of the ice as of a reser- 
voir. The net relationship between an- 
nual accumulation and dissipation can 
thus readily be determined. Charts of 
the Upper Saas Valley, Monte Rosa Mas- 
sif, and Upper Grindelwald Glacier in 
the Jungfrau Group make these areas 
highly desirable initial points in the de- 
velopment of snow-surveying in the Alps. 

Glacier Flow and Iceberos 

The alluring field of glacier flow and 
iceberg migration has been opened wide 
by Gerald Seligman, Dr. Max Demorest, 
and Commander Edward H. Smith of 
the Ice Patrol and provides a further 
chapter on the romance of snow and ice. 

Max and Becky Demorest have studied 
ice flow in its mountain bed and placed 

*8 Dr. h.c. Otto Liitschg, Zum Wasscrhaushalt 
des Schweizer Hochgebirges : Presidential Ad- 
dress Internet. Assoc. 8ci. Hydrology, Washing- 
ton, 1939 (awaiting publication). Pre-publica- 
tion copies available. 


glacier ice under laboratory compression. 
Commander Smith has brought ice from 
the Greenland sea for them to study, and 
has begun a census of icebergs en route 
from their parent glaciers to their melt- 
ing point in the Atlantic sea-lanes the 
better to forecast their frequency. 

Now Max lies dead in the distant 
North in service of his science and his 
country. His memorial is the hearty 
acceptance of his discoveries by Francois 
E. Matthes,*® interpreter of glaciology, 
and the bestowal of a Guggenheim and 
other fellowships to finance his plans 
still scarcely within the threshold of 
achievement. 

But he has the frozen glaciers to 
share his quiet. No better spot for his 
eager spirit. 

On the Back op the Great Ice*^ 

^‘And Abraham sat in the door of his 
tent and gazed down upon the plains of 
Jordan.’’ Thus we sit tonight on the 
great ice 1,500 feet in air and gaze down 
upon the panorama of Inner Greenland 
stretching in haze and luminous sunset 
color toward the distant sea. It might 
well be out West on the rim of Death 
Valley, save that here we look down a 
broad canyon with a spreading, winding 
river dazzling in the sun like silver, and 
in a parallel valley upon a large lake 
rivaling Taserssuak in size. Beyond 
multitudinous hills rises the slope of 
Pingo looking like some Northern Ararat. 
Beyond the purple haze rides a long thin 
band of clouds. The rolling sea of ice is 
in front. 

2«FranQoiB E. Matthes, Glaciers, Physics of 
the Earth — TX, Hydrology, pp. 149-219, Na- 
tional Research Council. 

27 From the author diary. 



PHARMACOLOGY OF THE SULFONAMIDE DRUGS 


By Dr. SANFORD M. ROSENTHAL 

BENIOB PHABMACOLOOIBT, DIVISION OF CHKMOTHRBAPY, NA'HONAL INSTITUTE OF HEALTH 


There are few drugs with systemic 
effects that are being so widely used and 
in such large doses as the sulfonamides. 
A proper understanding of their be- 
havior in the body is especially necessary 
for their safe and successful use. Labo- 
ratory experience has emphasized the 
wide variations met when going from one 
species of animal or bacterium to an- 
other; and what is equally important, 
the considerable differences in the toxic 
or therapeutic response met when study- 
ing large groups of individuals or sev- 
eral strains of the same organism. 

Excellent reviews of this subject have 
recently been made by Marshall^ and by 
Goodman and Gilman* and no complete 
survey will be attempted in this paper. 

Absorption and Excretion 

Absorption from the stomach is negli- 
gible for all drugs of this group. Sulf- 
anilamide is readily absorbed throughout 
the remainder of the alimentary canal, 
as well as from the serous cavities and 
from open wounds. When given by 
mouth, water accelerates absorption, pre- 
sumably by hastening the passage from 
the stomach to the intestines. Absorp- 
tion of sulfanilamide is greatest in the 
first four to six hours and is practically 
complete in twenty-four hours. As proof 
of this only traces appear in the stools 
and 70 to 95 per cent, is recovered in 
the urine, mostly within twelve hours. 
With normal kidney function, excretion 
is complete in two to three days. 

The sulfanilamide derivatives in cur- 
rent use are absorbed more slowly and 

I E. K. MarshaU, Jr., Annual Uev, Physiol,, 
3 : 643 , 1941 . 

a L. Goodman and A. Gilman, ‘ * The Pharma- 
cological Basis of Therapeutics.'* New York: 
The Macmillan Company. 


with less regularity. This is due in part 
to their poor solubility. Sulfapyridine 
in particular is slowly, irregularly and 
poorly absorbed. As much as 20 per 
cent, may escape absorption and appear 
in the stools. Absorption from the colon 
and rectum is slight. 

Sulfathiazol is better absorbed and a 
smaller percentage (0 to 10 per cent.) 
appears in the stools. Published reports 
by Feinstone and others on sulfadiazine 
indicate a higher and more sustained 
blood level, with slower excretion. In 
man approximately two thirds can be 
recovered in the urine in forty-eight 
hours. Studies of fecal excretion are 
lacking. 

Sulf aguanidine was found by Marshall 
to be absorbed only from the small intes- 
tine. Excretion in the urine varies from 
5 to 70 per cent. Only a limited capacity 
for absorption exists; hence, with in- 
creasing doses absorption does not in- 
crease proportionally. By giving large 
doses it is thus possible to get high con- 
centrations throughout the alimentary 
tract, and correspondingly low concen- 
trations in the blood. 

The most recent addition to the series 
of sulfonamides designed for intestinal 
disinfection is succinyl sulfathiazol. 
Experimental evidence indicates that 
less than 5 per cent, of this drug is ab- 
sorbed, and it has not been possible to 
produce pathological changes in rats or 
monkeys from large doses given orally 
for one month. 

These poorly absorbed sulfonamides 
can suppress the normal coliform bac- 
terial flora of the intestines to an extent 
that could not be previously accom- 
plished. Elvehjem and co-workers dem- 
onstrated an interference with the 
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growth of rats which they interpreted as 
a deficiency state due to suppression of a 
growth factor normally synthesized by 
these intestinal bacteria. Daft, Sebrell 
and co-workers have produced some char- 
acteristic pathological changes when 
sulfaguanidine was administered to ani- 
mals upon a diet deficient in vitamin B 
complex. The importance to the clinic 
of these significant experiments remains 
to be established. 

Distribution 

Sulfanilamide is notable for its distri- 
bution throughout all the tissues and 
body fluids in concentrations closely 
approaching that in the blood. Until 
recently it was believed that the sulfon- 
amides existed in the body in a free, 
diffusible state. However, Bernard 
Davis has shown that they attach them- 
selves to the plasma (and presumably 
tissue) proteins; the extent of binding 
varies from 5 per cent, with sulfanil- 
amide to 70 per cent., with sulfathiazol. 
Intimately related to this phenomenon 
is the problem of ionization of the sulf- 
onamides. It has recently been shown 
by C. L. Fox, F. Schmelkes and others 
that sulfanilamide at the pH of the body 
ionizes very little, while some of the more 
active sulfonamides dissociate to a high 
degree. Both binding and ionization are 
important influences upon the behavior 
of drugs in the body, and these effects 
throw light upon certain variations in 
the distribution of sulfonamide com- 
pounds, such as the lower concentrations 
of sulfathiazol attained in the spinal 
fluid. 

Further remarkable characteristics of 
the sulfonamides are their relative lack 
of irritating effects when applied locally, 
and the high tolerance of the tissues to 
them without apparent harm to the de- 
fense mechanisms of the body. 

Pate in the Body 

Surprisingly few of the organic chemi- 
cals which are absorbed escape some 


change during their sojourn in the body. 
With the sulfonamides this consists 
chiefly of the introduction of an acetic 
group in the free amino radical. It is 
not determined whether this change is 
an attempt on the part of the body to 
render the compound less toxic or 
whether it is simply following a process 
which is physiological for certain meta- 
bolites and into which pattern certain 
foreign substances such as the sulfon- 
amides seem to fit. Actually the acetyl- 
ated sulfonamides are more toxic to the 
host, and furthermore they are practi- 
cally devoid of therapeutic activity, so 
that this change is quite undesirable 
from the standpoint of drug therapy. 

The extent of acetylation varies widely 
with the compound, with the species and 
to a lesser extent with the individual. 
With sulfanilamide there is little or no 
acetylation in the dog and frog, while 
it occurs to 50 per cent, or more in the 
rabbit and man. From 25 to 75 per cent, 
of the sulfanilamide administered to 
man is acetylated. 

Sulfapyridine shares this objection to 
as great or to a greater degree. In man 
from 15 to 75 per cent, may be acetyl- 
ated. Sulfathiazol is conjugated to a less 
extent and in man reported values are 
up to 30 per cent. Sulfadiazine shows 
very little conjugation in the blood, but 
10 to 60 per cent, of the drug in the urine 
is acetylated. The excretion by the kid- 
ney of the N-4-acetyl derivatives is more 
rapid than that of the free compounds. 
Acetyl sulfonamides, therefore, leave the 
blood faster and the amount of acetyla- 
tion in the blood may not be a true index 
of the total acetylation which will be 
found in the urinary output. 

Acetylation oi the amino group is a 
disadvantage for several reasons. Such 
acetyl derivatives are inactive therapeu- 
tically; they are of increased toxicity; 
the process of acetylation imposes a 
physiologic burden on the body; and 
finally the acetyl derivatives of many 
compounds are sufficiently insoluble to 
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be precipitated in crystalline form in the 
urinary tract to the extent that kidney 
damages and stone formation may result. 

Because of technical diflBculties, knowl- 
edge of the fate of these compounds has 
been limited largely to the free amino 
group. Oxidation products of this group 
are known to be of greatly increased 
toxicity and of possible interest in me- 
chanism of action. In the test-tube 
sulfanilamide can be broken down by 
chemical means and by ultra-violet light 
(Fox, Shaffer, Rosenthal), extensive 
change occurring at both ends of the 
molecule. Our information will be in- 
complete until it is determined to what 
extent such changes occur in the body. 
Scudi has shown that sulfapyridine is 
excreted in part as a hydroxy derivative. 

Mechanism op Action 

It is generally agreed that the action 
of the sulfonamides is primarily upon 
the organisms causing disease. In the 
test-tube, under conditions favorable for 
cultivation, this action is not impressive, 
and is chiefly an inhibition of growth. 
While there is a general correlation be- 
tween effect in the test-tube and in the 
body, many exceptions are encountered 
when studying different compounds and 
different organisms. As an example may 
be cited the susceptibility of the alpha 
streptococci (viridans) in the test-tube 
and their resistance to chemotherapy in 
the body. 

Such variations may be made clear 
with increasing knowledge. It may be 
reasonably assumed from present evi- 
dence that the sulfonamides act by in- 
hibiting the growth of bacteria in the 
body so that the natural defense mecha- 
nisms may successfully cope with the 
infection. The importance of the natural 
defenses in the success of chemotherapy 
is thus sharply emphasized. 

The first attempt to explain bacterial 
inhibition was made by Mayer on a basis 
of oxidation of the amino group to a 


hydroxylamine. This product is much 
more active in the test-tube, but highly 
unstable. Mellon and coworkers ad- 
vanced this theory by virtue of the in- 
hibiting effects of these oxidation prod- 
ucts on catalase and perhaps other 
enzymes which would lead to the accumu- 
lation of toxic metabolites, specifically 
hydrogen peroxide in the bacterial cell. 

The inhibition of bacterial growth on 
a basis of interference with the metabolic 
requirements was proposed by Lock- 
wood, who demonstrated that peptones 
could antagonize the bacteriostasis of 
sulfanilamide. English workers estab- 
lished the occurrence of antisulfanil- 
amide factors in many cell extracts, 
cumulating in the demonstration by 
Woods'* that p-aminobenzoic acid or a 
closely related compound was present in 
such extracts and that traces of it could 
neutralize sulfonamide bacteriostasis. 
This antagonism is specific, and we have 
found no effect of p-aminobenzoic acid 
on the various antiseptics, such as forma- 
lin, peroxides, mercury compounds or 
upon the action of antiserum. 

Woods has postulated the role of 
p-aminobenzoic acid or a derivative as 
that of an essential metabolite for plant 
and perhaps animal organisms, a vitamin 
for bacteria, which sulfanilamide by 
virtue of its similar chemical structure 
can replace in the enzyme system and 
thereby interfere with its utilization. 

This postulate satisfied many of the 
puzzling features of the problem, such 
as the inactivity of the isomers of sulf- 
anilamide, the lag observed in the bac- 
teriostatic action, the inhibition of 
growth rather than the killing effect of 
the drug on bacteria. 

More information is needed regarding 
the presence and function of p-amino- 
benzoic acid both in the bacterial cell 
and in the animal organisms, and the 
reasons for the high tolerance of animal 

3D. D. Woods, Brit, Jour, Exptl, Bath., 21: 
74, 1940. 



THE SULFONAMIDE DRUGS 


235 


tissue to the sulfonamide drugs. It re* 
mains to be seen whether the immunity 
of certain bacteria to sulfonamides is re- 
lated to their aminobenzoic acid metabo- 
lism. The postulate is of immense prac- 
tical value as a working hypothesis for 
the development of new compounds, as 
well as for opening new fields of inves- 
tigation. 

Recent work has brought out that the 
degree of activity of a sulfonamide com- 
pound may be fundamentally related to 
its physical characteristics. Mention 
has been made that the sulfonamides 
vary in the extent to which they are 
bound to body proteins and the extent 
to which they are ionized in the body 
fluids. The several investigators respon- 
sible for these observations have related 
them to antibacterial action. The degree 
of therapeutic action has been shown to 
be a function of that portion of the drug 
bound to the proteins, and likewise to 
that portion of the drug which is ionized. 
A correlation has been established be- 
tween acidic dissociation constants and 
antibacterial action that may prove of 
value as a guide to the chemist in his 
search for drugs with greater curative 
action. 

The ability of the sulfonamides to 
counteract certain bacterial toxins in the 
body has been established by Levaditi, 
by Carpenter and others. While it has 
not been possible to relate this to curative 
action, it is highly significant as a start- 
ing point towards drugs with antitoxic 
action. 

Toxicity 

The large doses and sustained treat- 
ment required for the sulfonamides make 
it predictable that toxic effects will be 
the rule. Are the toxic effects so closely 
related to therapeutic action that it will 
be impossible to avoid therat The an- 
swer is at present unknown, but the 
sketchy evidence at hand will be pre- 
sented. 

It appears probable, though not 


proved, that the more important toxic 
effects are related to the free amino 
group, which unfortunately seems essen- 
tial to therapeutic activity. Aromatic 
amino compounds without the sulfon- 
amide group, such as analine or acet- 
anilid, bring about in man toxic reactions 
very similar to sulfanilamide, such as 
cyanosis, anemia, agranulocytosis, der- 
matitis, drug fever, nervous symptoms 
and liver damage. The methemoglobin 
formation and perhaps other of the toxic 
actions of acetanilid are believed to be 
due to oxidation products which are 
formed in the body. It is probable, 
though not established, that similar oxi- 
dation products are involved in the 
action of sulfanilamide on the blood pig- 
ments. At any rate, it would seem 
unwise to administer drugs containing 
an aromatic amino group (acetanilid, 
phenacetin, aminopyrine) to patients 
under sulfonamide therapy. Sulfur in 
the diet may increase sulfhemoglobin 
formation (Richardson), but this pig- 
ment is not an important factor in the 
cyanosis in man. 

Anemia can be produced by a variety 
of benzol derivatives including benzol 
itself. Methods for quantitative study 
of this effect in the laboratory have re- 
cently been developed by Richardson, so 
that knowledge can now be obtained of 
the relation of chemical structure to this 
action. M. I. Smith of this institute has 
recently shown that in rats the anemia 
from sulfanilamide is more marked on a 
low protein diet; higher concentrations 
of the drug in the blood were present 
under these conditions. Pox and Otten- 
berg have found larger amounts of the 
new'ly described methemalbumin in the 
blood of patients with hemolytic anemia 
from sulfonamides. 

The compounds in use, other than sulf- 
anilamide, can depress renal function; 
this is not due entirely to the acetyl 
derivative, since it can occur in the dog 
where acetylation does not occur. 
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The nausea and vomiting is due, in 
part at least, to central action, since 
Sadusk could bring it about in dogs by 
the intravenous injection of sodium 
sulfapyridine. 

So little is known of the mechanism of 
production of other toxic symptoms that 
it is not profitable to discuss them. It 
is believed that the practice of grouping 
many symptoms under the category of 
idiosyncrasy is erroneous and should be 
limited to such effects as angioneurotic 
edema or other rarely occurring anaphy- 
lactoid phenomena. The majority of 
toxic effects are expressions of disturb- 
ances that occur frequently, but differ 
widely in their severity. 

Little is known concerning the role of 
the sulfonamide group to toxicity. The 
acute toxicity of sulfanilamide in labo- 
ratory animals is characterized by ner- 
vous symptoms, spasticity and ataxia, 
and by dyspnoea. The compound ben- 
zene sulfonamide (with no amino group) 
is several times as toxic to mice as sulf- 
anilamide and brings about the same 
picture of intoxication.^ The toxicity of 
acetyl sulfanilamide is similar to that 
of benzene sulfonamide, and can there- 
fore be definitely related to the sulfon- 
amide group. 

Another effect of the sulfonamide 
group demonstrated by Mann and Keilin 
and by Locke, Main and Mellon is the 
inhibition of the enzyme carbonic anhy- 
drase. This enzyme accelerates the con- 
version in the body of carbon dioxide 
into bicarbonates. By inhibiting this 
action the sulfonamide group brings 
about the so-called acidosis. The deriva- 
tives substituted in the sulfonamide 
group (sulfapyridine, sulfathiazol) do 
not show this inhibition and would not 
be expected to cause the acidosis. Here 
is an example of a toxic effect that can 
be abolished without loss of therapeutic 
action by changing the molecule. Fi- 
nally it should be noted that cumulative 
toxicity of the sulfonamides can be dem- 

^Unpublithed data. 


onstrated in the laboratory. Emaciation 
is a prominent feature and death can not 
be adequately explained by the lesions 
found at autopsy. 

Relation op Chemical Structure 
TO Therapeutic Action 

The development of new chemothera- 
peutic compounds of this class has be- 
come one of the most active fields of 
research. Only a few generalizations 
can be made concerning the several thou- 
sand compounds already described. 

They are all benzene derivatives with 
a free or potentially free amino group 
in the para position to a radical which 
may contain sulfur, arsenic, carbon or 
phosphorus (Rosenthal and Bauer). 
Accordingly, while many changes or re- 
placements can be made in the sulfon- 
amide group, the amino group seems 
essential. 

It is of interest that while some de- 
rivatives of sulfanilamide are more 
active against the pneumococcus and cer- 
tain other organisms, none are appre- 
ciably more active against the strepto- 
coccus. It is also of interest that the 
sulfones, which are several times as 
active as sulfanilamide against the 
streptococcus, are only slightly more 
active against the pneumococcus. 

Reports also indicate increased activ- 
ity of the sulfones against experimental 
malaria (Coggeshall) and experimental 
tuberculosis (Feldman and Hinshaw, 
Smith, Emmart and Westfall). Re- 
placement of sulfur by carbon (in 
p-nitrobenzoic acid) gives slight antibac- 
terial action, and also some effect on 
trypanosomes. There is evidence, there- 
fore, that specific action against certain 
infections can be shown. 

Compounds with promising degrees of 
activity against streptococci have been 
obtained where sulfur is replaced by 
arsenic or phosphorus, although the 
former are very toxic. 

These illustrations demonstrate the 
wide chemical approach to the problem, 
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and exploration of the possibilities has 
really just begun. 

The activity of a compound is highly 
influenced by its behavior in the body. 
Many of the changes in activity reported 
for new compounds are undoubtedly due 
to such differences rather than to differ- 
ences in true therapeutic activity. 

Experimental Therapy 

Greatly discordant results have been 
obtained in testing drugs upon experi- 
mental infections, and it is small wonder 
that in the clinic no uniformity should 
occur. Some factors contributing to this 
confusion will be enumerated. 

Differences in absorption, conjugation 
or excretion are important, and it is to 
the work of Marshall® that a more quan- 
titative basis has been established. 
Rather than the amount of drug given, 
he has correlated activity to the concen- 
tration of free drug in the blood. Sus- 
tained blood concentrations were accom- 
plished by incorporating the drug in the 
diet of laboratory animals, after the 
technique of Bieter. It may be pointed 
out that the activity of sulfanilamide 
against a streptococcal infection in mice 
is increased more than four times if it is 
administered throughout twenty-four 
hours (in the diet) as compared to one 
daily dose by mouth. 

The relation of diet to therapeutic 
response was brought out in some studies 
we made on mice. The blood concentra- 

5 E. K. Marshall, Jr., Bull. N. Y. Acad. Med., 
16 : 723 , 1940 . 


tion and therapeutic response was in- 
creased approximately three times on a 
low protein diet (6 per cent.) as com- 
pared to a normal diet. The work of 
M. I. Smith had previously shown that 
an increase in toxicity also occurs under 
these conditions. 

Most laboratory information has been 
based on prophylactic therapy in the 
sense that medication is begun at the 
time of inoculation or shortly after. 
Delay in therapy or the use of heavy 
infections greatly diminishes the results. 
Likewise therapy of brief duration may 
be associated with a high percentage of 
delayed deaths. 

Subcurativc therapy may lead to the 
development of resistance or ^‘fastness” 
to the drug by the organisms. More im- 
portant is the occurrence of naturally 
resistant strains, about which nothing is 
known. Likewise the resistance to 
therapy of related groups of organisms, 
such as the alpha streptococci (viridans), 
is totally unexplained. Many of these 
naturally resistant organisms are suscep- 
tible in the test-tube. 

It is of great importance to the clini- 
cian to know whether an unsatisfactory 
response is due to an overwhelming in- 
fection, to a resistant organism, to inade- 
quate therapy, to diflSculties in absorp- 
tion or acetylation or to toxicity of the 
drug. 

Answers to some of these problems and 
many new advances are to be expected 
from continued research in this new 
field. 
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Just as in the case of other European 
nations, the orif^ins of the Germans are 
lost in prehistory. The generally ac- 
cepted notion is that their ancestors were 
derived from the Scandinavian coun- 
tries. But this is probably erroneous. 
The large region that the Romans in the 
latter part of the first century b.c. found 
occupied by the German tribes had had, 
up to a certain latitude, a paleolithic, 
and throughout its habitable extent, a 
neolithic population. There is no reason 
to believe that the latter had completely 
disappeared, leaving the parts open to 
northern immigration. 

It may justifiably be assumed that the 
early Germans were the descendants of 
the neolithic and bronze age populations 
of the region, with adjuncts in the course 
of time from what later became Denmark 
and from the southernmost parts of the 
Scandinavian peninsula. That they at 
any time could have constituted a ‘‘pure 
race’* or type is highly improbable, and 
is gainsaid by the differences seen in the 
skeletal remains from the region. 

There is no recorded knowledge of the 
new complex of people until about 350 
B.C., when the first scanty information 
concerning them is brought south by 
Pytheas, a Greek trader of Massilia. 

Between 113 and 102 n.c. the Ger- 
manic tribes of Teutoni, under chief 
Teutobod, and Cimbri, carry out a mass 
trek southward with their families, 
wagons and animals, over the Rhinelands 
and through what is now Prance, to- 
wards Italy, but are almost annihilated 
at Aquae Sextiac (now Aix-les-Bains) 
by the Oallo-Romans under Marius and 
disappear from the stage. 

The terms Germania and Oermani 
appear first in a writing of the Greek 
historian Posidonius, in 80 b.c. Their 


derivation is uncertain. It is believed 
that they were first employed by the 
Gauls, for their non-gallic neighbors be- 
yond the Rhine. It was not used by the 
earlier Germans, and to this day is 
among them of secondary nature. It 
was definitely established by Caesar, in 
his classic ''Dc bello Gallico.” The 
terms Deutsch and Deutschland, by 
which the Germans call themselves and 
their country, are derived (Brockhaus) 
from diot, the People, and came into use 
much later, appearing first towards the 
end of the ninth century in Italy, and 
rarely in Germany until the end of the 
thirteenth century. The term Teutons, 
as applied to all the Germans, is also 
late, beginning to appear from about the 
middle of the tenth century. 

For the first three centuries of our era 
— centuries of direct contacts of the 
Romans with the Germans — information 
about the latter is limited to Roman and 
Greek historians, the most prominent 
among whom are Strabo,' Pliny the 
Elder,* Tacitus® and Ptolemy.* But 
only a part of this information is first 
hand, the rest being derived from the re- 
ports of traders and soldiers; and none 
is exhaustive. 

It is known then, however, that the 
Germans are a relatively large group; 
that they consist of numerous indepen- 
dently warlike tribes, which though ap- 
parented in blood, differ more or less in 
language and in other respects ; and that 
these tribes occupy most of tlie large 
region bounded by the Rhine, the Dan- 

^ Geography ; around the beginning of the 
Christian era. 

2 Bella Gcrmaniae; Natural History, third 
quarter of first century a.d. 

9 Germania, 98 a.d. 

* Geography; latter half of second century 
A.D. 
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iibe and the northern seas. The eastern 
boundary alone, and that both geo- 
graphically and ethnically, was indefi- 
nite, the Germans impinging there on 
an even much less known people, the 
“Venedi’' or, as later known, “Scla- 
veni,*^ or Slavs. 

The Roman wars and contacts with 
the Germans lasted from the middle of 
the first century b.c. to the fourth cen- 
tury A.D. These contacts were especially 
clo.se in the Rhine provinces, where the 
Romans founded a line of cities and 
where they doubtless had left among 
both the Gauls and the Germans some 
blood admixture. The Gauls and Ger- 
mans, alone, bordering since old on each 
other and overlapping in places, must 
also have mixed and that apparently to 
a considerable extent, somatic evidences 
of which exist to this day in these parts, 
as will be shown later. 

The German tribes were sturdy and 
prolific; the people, except along the 
seas, were essentially agricultural; but 
large parts of the territory they occupied 
were covered with forests or sands that 
gave little sustenance and had harsh 
climate. The results were, as already 
seen with the Teutons and Cirnbri, mass 
movements in all promising directions, 
particularly towards the warmer and 
richer lands in the south; and as all 
these regions were occupied, the German 
spreads became for the most part forci- 
ble invasions. 

These invasions began, so far as re- 
corded, towards the end of the second 
century b.c. by the already mentioned 
Teutons and Cirnbri, are followed in 
the first half of the second century a.d., 
in the east, by that of the Vandals, 
though there is doubt as to the Germanic 
affiliation of this group; towards the 
end of the second century by that of 
the Goths, who were, it seems, of Scan- 
dinavian derivation; and in the fourth 
to fifth centuries, when Roman domina- 
tion weakened, by those of the western 


coast tribes (Angli, Saxons, etc.) into 
Britain, the Pranks into Gaul (present 
Belgium and Prance), the Burgundians® 
into Gaul, the Alemams® and Suevi 
(Swabians) into Switzerland, the Lan- 
gobards towards the middle Danube and 
finally Italy. None of these offshoots 
return to their former abodes; but some 
stay in parts that eventually become 
southern Germany and there admix with 
the older Gallic or Keltic populations. 

To this time there is no union or even 
a close association of the numerous Ger- 
manic tribes; but by the fifth century 
the Franks have established their do- 
minion in '‘Gallia,^^ accepted Christian- 
ity, subject gradually the Alemans, 
Thnringians, Bavarians and Frisians, 
under Charlemagne (768-814) also the 
Saxons, and (*ffect the first union of the 
Germanic tribes. In 843 the great 
Frank dominion by the treaty of Ver- 
dun is divided into three parts, and that 
is the political beginning of both France 
and Germany. 

Meanwhile important developments of 
other nature are taking place in the 
eastern parts of the territory that even- 
tually will be comprised by Germany. 

The main region of the early Ger- 
manic tribes lay west and southwest of 
the Saalc and Elbe Rivers. To the east 
and northeast of this territory lay exten- 
sive lands, hilly in the south, sloping 
towards the north and terminating in 
vast flats. All these parts, up to the Vis- 
tula River, more than twice as large as 
the Germany proper, were represented 
by Tacitus and other early historians as 
belonging to '‘Germania,^' though the 
knowledge of them until long after was 
very hazy, and tlw concept of the “Ger- 
man'^ people was far less crystallized 
than it is to-day. It is impossible to 
cover this great region with any known 
German tribes. The prevalent notion, 

^ There is still the province of Burgundy in 
western France. 

0 The French name for Germans is to this day 
‘ * lea Allemans. ^ * 
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held especially by German writers, is 
that the region was vacated by Ger- 
manic peoples. But, even if all the 
more eastern Germanic or Scandinavian 
groups that moved southward from the 
first century onward could be attributed 
to it — which it seems they can not — the 
territory could still nowhere near be 
filled, even in its more favorable parts 
for human occupation. Here is a serious 
unnatural void of which no one has 
given as yet a plausible explanation. 

As history begins to unfold, however, 
this great expanse is found filled, even 
if not thickly, by non-Germanic ele- 
ments. There are the Aesti — undoubt- 
edly the old Lithuanians — in what is 
now Eastern Prussia; and the rest is 
filled with the large group of Lugii, 
which name is evidently of Slavic deriva- 
tion {lugf Jw/i afield, meadow), and with 
many tribes of Slavs. These are assumed 
to have spread over the country from 
beyond the Vistula after the Germans 
moved out. This assumption is unsatis- 
factory. If the Slavs moved in and 
stayed, then the country could not have 
been worthless and would not have been 
abandoned by its older inhabitants. Nor 
were the Slavs of the time as well armed 
as the Germans so that they would have 
been able to drive the latter out, besides 
which there is no mention anywhere of 
such a major event, which would have 
caused as great disturbances, at least, as 
the Hunnish invasion in 375 of the Goth 
territories further southeast. 

The Venedi (Slavs) are first men- 
tioned, in the first century a.d., by Pliny 
and then by Tacitus, but these notes are 
scant, not based on original observations 
and indefinite. Ptolemy, in the latter 
half of the second century, while still 
not original and in many respects in 
error, gives more information. He knew 
of the Venedi now as a ‘‘megiston eth- 
nos,’’ a great population, whom on his 
map he places along the Baltic and the 
‘‘kolpos Venedinus” (Venedic Bay), to 


the east of the Vistula River, and in 
‘‘Sarmatia,” placed in present Poland. 
By the end of the sixth century they are 
already generally known of, and found 
to occupy almost the whole great region 
from what are now southeastern Den- 
mark and Pomerania, to the right of the 
Elbe and Saale Rivers, and to the south- 
ern boundaries of Bohemia and Moravia. 
‘‘By the end of the sixth century the 
whole basin of the Elbe, except the Saxon 
territory near the mouth, had probably 
become Slavonic” (Latham; Encycl. 
Britan., XI. ed. ; et al.). 

The term Slavs, or Sclaveni, like that 
of ‘‘Germans,” is not an original generic 
name of the Slav people, as was not that 
of the Wends or Winds or Venedi. The 
latter terms were applied at first to 
only the Baltic Slavs, but came even- 
tually to be used for all their neighbor 
Slavs by the Germans. Their origin is 
unknown. The name ‘^Slavs’’ is be- 
lieved by many to have been derived 
from ‘‘slovo,” the word, but proceeds 
more probably from the extolling affix 
‘‘slav” (from slava, glory), used in 
many of the personal Slav names in 
early times and occasionally even now. 
It occurs in both Procopius and Jor- 
danes, the principal historians of the 
sixth century. Both the names. Vends 
and Slavs, extended to many tribes re- 
lated by blood and language, but, as is 
true of the early Germans, not united 
and practically independent of each 
other. Linguistically the stock be- 
longed to the Aryan family of languages, 
being related most closely to the Lettish 
and next to the German. Physically 
they were, according to reliable indica- 
tions, predominantly light-haired, me- 
dium-statured, sturdy people, originally 
probably mostly of oblong head, differ- 
ing but little from the central Germans. 
They were essentially agricultural peo- 
ple, lived in numerous characteristic vil- 
lages, but had also some cities and famed 
sanctuaries. Their cradle was the great 
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region north of the Carpathians, from 
the watershed of the Vistula to the 
Dnieper River, They were ‘‘ pagans, 
with a religion related in general to the 
Greek, and recognized one chief deity. 
They were not militarily as developed 
as the Germans or Romans, but were 
sturdy fighters. In their ever recurring 
struggles with the Germans in the west 
and the eastern Roman empire in the 
east they both took and lost many pris- 
oners — men, women and children — 
which in time served to admix both of 
the contending sides. 

German historical literature, even 
though largely biased, and also the Dan- 
ish, are full of testimonies about the 
Slavs of the eastern portion of Germany 
and their gradual absorption. This ab- 
sorption of the ununited Slav popula- 
tions continued systematically and often 
forcibly from the time of Charlemagne 
in the latter part of the eighth to beyond 
the fifteenth century, without to this day 
being completed or ended. The princi- 
pal means were domination, colonization 
and Christianization. The process, as 
now, was mainly “by the sword and the 
fire” — “ferro et igni vastavit” (old re- 
ports), And it was not uniformly suc- 
cessful. Toward the end of the tenth 
century “the Slavs fought with such 
courage and success that during the 
reigns of the emperors Otto II and Otto 
III much of the work effected by the 
Margraves Billung and Gero was un- 
done, and nearly two centuries passed 
before they were driven back to the posi- 
tion which they had perforce occupied 
under Otto the Great.” (Enc. Br., XI 
ed.) In 983 a particularly great Slav 
revolt stopped the Germanization and 
this could not recommence until the mid- 
dle of the twelfth century. “By that 
time were Germanized only the Main 
and Rednitz Slavs with tliose of the 
lands between the Saale and Elbe.” 
(Gr. Brockhaus).’ 

^ ^ * Um die Mitte des 12 Jahrh. hatte die Untor- 
werfung dor Slawen an llavel, Elbe und Oder 


The testimonials of the absorption 
into the “German” stock of the large 
mass of western Slavs are a legion and it 
is not necessary to search for them out- 
side of German sources alone. 

In the twelfth century the Danish 
kings used also the title “kings of 
Slavs.” Pomerania, the large northern 
province of present Germany, was 
wholly Slavonian until well after the 
middle of our era. In the words of 
Latham ( ’51, p. xvii) , ‘ ‘ Adam of Bremen 
first mentions these Pomeranians, and he 
mentions them as Slavonians, the Oder 
being their boundary to the west. On 
the east they were conterminous with 
the Prussians. Their name is Slavonic 
po — on and more — sea, i.e.^ coastmen. 
All their antiquities and traditions are 
equally so ; in other words there is 
neither evidence, nor shadow of evi- 
dence, of their even having dispossessed 
an older Germanic population. Nor are 
they wholly extinct at the present mo- 
ment.” And there are almost endless 
accounts of and references to the Slavs 
of the other parts of present east Ger- 
many. There are in the German lan- 
guage numerous names relating to agri- 
culture and various old industries that 
were taken from the Slav. The famed 
association of trading cities “Hanza” is 
attested to have been based on Slav 
trading establishments. A great num- 
ber of the names of cities, villages, riv- 
ers, places, all over the former territory 
of the Germanized Slavs, are Slav names 
or corruptions, which would surely have 
disappeared had their Slav population 
been driven out or annihilated. The 
very name of the chief deity of the 
northern pagan Germans, Wotan, \Vo- 

begonuen, vor allem durch Albrecht den Biiren, 
dor die alte Nordmark zur Mark Brandenburg 
erweiterte, und durch Heinrich den Lbwen ; nach 
dessen Sturz wurden die slawischen Fiirsten in 
Mecklenburg und Pommem selbst reich-unmit- 
telbare Herzoge. . . . Schlcsien wurde auf dom 
Wege der friedlichen Qermanizierung allmahlich 
fiir Deutschland gewonnen.*' (Brockhaus, IV, 
677), 
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dan, Woden or Odin — ^may possibly be 
of Slavic derivation. 

Perhaps the most interesting survival 
of the Slav times in eastern Germany 
is the name of Berlin, the capital. This 
name is a corruption of Barliii, an old 
Slav fishing settlement on the right bank 
of the Sprewa River. Opposite this, on 
the left bank, was the Slav town or vil- 
lage of Kolin. The first settlement of 
Germans is introduced here about 1144, 
under Albrecht the Bear, who thus be- 
gan the Germanization of the place. 
The two settlements on the river were 
united in 1307; between 1373 and 1415, 
they with the district belonged to the 
Czech crown; in the Thirty-Years War 
the inhabitants were reduced to 6,000; 
in 1442 Friedrich II built here a strong 
castle, and from that time on the now 
rapidly growing place was Berlin, '' 
first the provincial and finally the em- 
pire capital.® 

Rostock is the old Slav Rostok (spread 
of the river) ; LUbeck is a twelfth cen- 
tury corruption of Liubice, a local Slav 
village; Breslau up to 1241 was Vrati- 
slav, a seat of a Polish dukedom of the 
same name, and from 1335 to 1742 be- 
longed to the Czech crown; Leipzig was 
the old Serb town of Lipsko, mentioned 
also as Lipzk, Lipzek, Lipzik, from which 
since the fifteenth century the “ Ger- 
man Leypzik to present Leipzig was 
derived. And the list can be much ex- 
tended. Many of the family names of 
the eastern larger half of present Ger- 
many also are Slavic or easily recog- 
nizable corruptions. 

Besides the Slavs, the Germans, since 
the twelfth century, have incorporated 
with themselves and Germanized also 
other eastern populations. The chief of 
these were the Birussians or “Prus- 
sians,’’ a branch of the old Lithuanians, 
living in parts of what is now Eastern 
Prussia. The forcible subjection of the 
tribe, once more “by the sword and 
Langenscheidt, Naturgcschichto der Ber- 
liner; Ottos (Czech) Encycl.; etc. 


fire” and under the guise of Christian- 
ization, was carried out between 1232 
and 1283 by the Order of the German 
Knights. The Birussians were largely 
annihilated, German colonists were set- 
tled in the country and the German 
Reich was enriched by a new province. 
Ironically the names of “Prussia’’ and 
“Prussians’’ stayed, spread to “western 
Prussia,’’ and finally became those of 
the large dominant and most militant 
parts of the German realm and people. 

Slowly advancing has also been and 
is now the Germanization and absorp- 
tion of the Slavs of western Poland. 
A forcible process, such as affected the 
Birusi, was tried by the same Order of 
the- German Knights, but the Poles 
proved too strong and the effort came 
to an end in 1410 at the battle of Oriin- 
wald, from the effects of which the 
Order never recovered. However, the 
three divisions of Poland, 1772, 1793 
and 1795, between Prussia, Austria and 
Russia, opened once more the door to 
Germanization, especially of Poznan 
(Posen) and the Baltic part of the 
country, and this proceeded until the 
First World War, at the end of which 
the former western boundary of Poland 
was restored. From 1772 to 1918, how- 
ever, many of the western Poles were 
assimilated into the German mass, intro- 
ducing thus further Slav admixture. 

Since the early parts of the second 
millennium of the Christian era and up 
to the 1914-1918 war, slow but constant 
and strenuous efforts were carried on 
also at Germanization of the desirable 
Bohemia and Moravia. German arti- 
sans, traders and colonists occupied grad- 
ually parts of both lands, were favored 
in every way at the expense of the Slav 
population, and every agency, including 
again the “sword and fire,’’ were used; 
but with little final success. The 
“sword,’’ domination, systematic forced 
colonization, are once more in full ac- 
tion, and the fate of Lidice has shown 
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that is only awaiting its turn. 

Still worse action is taking place in 
Poland and in the occupied Baltic and 
Russian provinces. The German blood 
needs more Slav “fertilizer/* as cyni- 
cally acknowledged on occasions. 

Southern Admixture 

Long before the Germans impinged 
on the western Slavs — or long at least 
before this is recorded — they came into 
contact with the Gallic or Keltic peoples 
in the south. These, while equally a 
part of the great White Stem, belonged 
to the “Alpine” or mid-European race. 
They were of darker hair and eye pig- 
mentation, robust and well built, in 
general of medium stature. They origi- 
nally occupied and were evidently in- 
digenous to the great Alpine region from 
the middle Danube westward, covering 
the old Rhaetia (Austria-Tirol), Ba- 
varia, with present Wurttemburg, Ba- 
den, Palatinate, Rhineland and Alsace- 
Lorraine, Helvetia (Switzerland), Gaul 
(France and Belgium) and also parts 
of Britain with Ireland. Just when the 
Germans came into contact with these 
is not known — it must have been well 
before the advent of the Romans, for 
by that time all serious violence had 
ceased and the people of what became 
the southern German states already 
spoke German, There are knowm, how- 
ever, the later influxes of the Alemani, 
Marcomani and Suabi, and later those 
of the Franks, Burgundians and other 
tribes, and as far as these affected lands 
now united into “Germany** they repre- 
sented so many agencies of admixture. 
The results of all this was a greater or 
lesser fusion of the more northern ele- 
ments with the Alpines, leaving a mixed 
population. The amount of this south- 
ern miscegenation was probably not in- 
comparable with that of the Slavs in 
the east, and each may perhaps roughly 
be estimated at about one third of the 
resulting “German** body. 


Additional Admixtures 

In the course of time the original 
Germanic tribes received additional mi- 
nor admixture of heterogeneous units. 
There were the Borussian or Lithuanian 
accretions in the northeast, some mongo- 
loid blood during the large Asiatic in- 
vasions, before these some Mediterra- 
nean infusion during the Roman wars, 
Dutch and Scandinavian elements, and 
finally, in the course of centuries, some 
Jewish accession. None of these were 
of much moment; nevertheless together 
they added to the admixture of the 
original more “nordic** Germans. 

Most of this miscellaneous mixture 
took place in the larger cities, and not 
seldom was invited or favored. Thus 
we read in the histories of Berlin that 
from the fifteenth century on it wel- 
comed many newcomers and refugees, 
from Switzerland, Italy, France, Bo- 
hemia, Holland and other countries. 
According to Langenscheidt the modern 
Berlin is regarded as “a German-speak- 
ing ncutrum,** and holds approximately 
39 per cent, of French, Belgian and 
Italian elements, 37 per cent, of Ger- 
man and 24 per cent, of Slav. 

Physical JIvidencb 

Strangely, though the Germans before 
the first World War stood in the fore- 
ranks of science, including anthropol- 
ogy, the people of Germany have never 
been thoroughly studied and so the so- 
matic picture of them is still incomplete. 
This is hard to explain, unless it be at- 
tributed to a disinclination to show both 
to themselves and to others how really 
far from homogeneous is the German 
nation. 

There were nevertheless more or less 
limited studies that indicated the condi- 
tions. At the head of these stands the 
survey in the seventies of the last cen- 
tury, by the teachers of public schools, 
of nearly seven million of the school 
children of the country. This survey 
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was carried out under the auspices of 
the Berlin Anthropological Society, and 
the results were reported in 1876,® and 
especially in 1885, by Rudolf Virchow.^® 
The total number of children ex- 
amined was 6,758,827 from all parts of 
the empire, of which 75,377 (1.1 per 
cent.) were Jewish. They ranged from 
six years to high-school age, a very large 
proportion being below 14. Noted, un- 
der instructions from the society, were 
only the color of the hair, eyes and skin. 
Though the pigmentation of the hair has 
not yet reached its final stage — the hair 
in general darkens progressively until 
well in the adult stage — the results 
showed that there was far from any gen- 
eral blondness or any uniformity between 
the different parts of Germany. The 
main results for the 6,758,827 children 
examined were as follows : 


Type 

Per cent. 


Per cent. 

Blond 

.. 31.80 . 

Blond .. 

. 68.02 

Brunette . .. . 

.. 14.05 

Brown 

29.42 

Mixed 

... 64.15 

Black 

1.98 



Bed ... 

0.25 

Eyes 


Skin 


Blue 

... 39.55 

Light 

. . 91.50 

Brown 

. . 27.21 

Brownish 

. .. 8,45 

Grey 

33.18 



Jewish 

children 

showed 

throughout 


darker. The territorial distribution of 
types were: 

Blonde Brunette 

Northern , 33.56 per cent. 11.17 per cent. 

Central . 25.29 “ 14.74 << 

Southern . .. 18.44 ‘‘ 25.21 

« Beitrage zur physischen Anthropologic der 
DoutBchen. Ahh, h. Akad, Wise,, Berlin, (1876) 
1877, 11 et Heq, And Verhandl. BerL Ges, An- 
throp. etc., 1876, 16-18. 

10 Oesamintbericht iiber die von der deutschen 
anthropologischen Gesellschaft veranlassten Er- 
hebungen Uber die Farbe der Haut, der Haare 
und der Augen der Schulkinder in Deutschland. 
Arch Anihrop,, XVI, 1885-6, 275-475. 

As light hair generally darkens more or less 
with age, the proportion of lights in adults 
would be considerably smaller and that of the 
darks larger. 


The blonde type ranged from 9 per 
cent, in a locality in south Germany to 
56 per cent, in part of Oldenburg. In 
the left Rhine zone (Alsace, Lorraine, 
Palatinate) it was but 16 to 18 per cent. 
In parts of Oberpfalz and much of Ba- 
varia the blonds were reduced to 9-14 
per cent. In individual districts the 
brunette type ranged from four per cent, 
in a part of Oldenburg to 91 per cent, 
in a part of southern Germany. The 
“mixed forms “ were recorded as 40 to 
69 per cent, of those examined in dif- 
ferent localities. 

The mixed nature of the German peo- 
ple is fairly acknowledged by the au- 
thor (Virchow). Thus, on p. 323, he 
says: “The results convey the view of 
a marked southern zone of mixture, 
which extends through Germany in 
south-north direction**; p. 324: “There 
is a multitude of mixed forms''; and, 
p. 326: “It is surely very remarkable 
that exactly one-third of all German 
school-children have grey eyes.** 

The whole showing of this highly 
valuable survey demonstrated clearly, 
though still incompletely, the mixed na- 
ture of the German population. Incom- 
pletely, because many of the Slavs were 
as light-haired and all as light-skinned 
as the Germans, so that their admixture 
could not show in a study of this nature. 

The German Skull 

There are many contributions in Ger- 
man to the knowledge of the German- 
territory skulls, but a definite collective 
and unbiased work on the subject is still 
wanting. Some of the main studies are 
noted below,^* and they give references 

Crania Germaniao. Freiburg, 1866 (vari- 
ous workers) ; J. Banke, 1880 — Dio Sebadol dor 
altbayrischcn Landbcvolkerung. Beitr. Anthrop. 
Urgeschichte Bayerns, III, 108-205; J. KoU- 
man, 1881 — Boitriige zu eincr Kraniologie der 
ourop&ischen Volker. Arch. Anthrop., XIII, 
179-232 ; Katalog der anthropologischen Samm- 
lungen Dcutschlands. Publ. by various workers 
in the 80 *s and 90 ^s of last century ; A. Schlitz, 
1910 — Die vorgeschichtlichen SchEdeltypen der 
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CEPHALIC INDICES IN THE VARIOUS PROVINCES OF GERMANY 


to others. Data on the subject in En- 
glish are scarce and scattered.^® 

The evidence may be summarized 
briefly. As with pigmentation, the Ger- 
man skulls vary greatly according to 
locality. The cranial (“cephalic”) in- 
dex ranges from low dolicho- to the 
highest brachycrany. There are long 
and short, high and low skulls, small 
and large. In general the southern 
German lands, Bavaria, Baden, Alsace, 
with their neighboring regions, show a 
predominance of the short and broad 
Alpine type of the skull, while in the 
northwestern parts the skull is more 
commonly oblong, approaching a similar 

deutschen Liinder. Arch. Anthrop., IX, 202- 
261; B. Hug, 1940 — Die Schadel dor frUhmit- 
telalterlichen Graber ana dom sololhiirnischcn 
Aaregebiet in ihrer Stellung zur Roihengraber- 
bevolkerung Mittelouropas. Z. Morphol. & An- 
throp., XXXVIII, H.E., 359-628; w. Bibliog. 

18 For a spirited chapter on the whole subject 
of germanism and physical anthropology see W. 
Z. Ripley’s **Tho Races of Europe,” N, Y., 
1899, 213 et $eq. 


type in the Scandinavian countries. 
Even in the old row-burials, however, 
which are regarded as particularly char- 
acteristic of the protohistoric Germans, 
the skull type already differed, as did 
also stature and other features.^* 

Present Head Form 

Among the living Germans, oblong 
heads, and hence skulls, which are 
claimed as the true German, are in gen- 
eral much less frequent than the broad 
and short or brachycephalic. This is 
a matter of common observation, but 
also of some independent scientific re- 
searches. 

During the first World War anthro- 

An especially explicit note on the subject 
is found in Walther Kruse’s large work on “Die 
Deutschen und ihre Nachbarvolker,” 8vo, Leip- 
zig, 1929, p. 220: “Wie wir gegenUber Schliz 
ganz bestimmt vcraichorn konnen, zeigen auch 
die altslawischen Schadel in alien ehen he- 
ftproohenen Punkten keine characteristischen 
Vershiedenheiten von den germaniachen.* * 
(Ital. in orig.). 
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pological measurements were taken by 
Parsons and Le Gros Clarke on respec- 
tively 925 and 840, or in all, 1,765 pris- 
oners of war, coming from all parts of 
Germany.^® The average cephalic index 
of the group was 82.5, or plainly brachy- 
cephalic ; and it ranged, according to the 
provinces, from 80.4 in Westphalia and 
close to 81.0 in the western regions, to 
84.1 in Bavaria and 84.6 in Silesia. 

Even in the most blond Oldenburg it 
was 80.6, or low brachycophalic. The 
results are shown in the accompanying 
map of Dr. Parsons. In his words, ‘‘The 
most striking lesson is that nowhere in 
Germany of today could I find material 
with a cephalic index below 80.’’ An 
index from 75 to 80 denotes, as is well 
known, mesocephaly, which prevails both 
in England and in the old American 
stock; and only below 75 commences 
dolichocephaly. It is true that in the 
skulls the German indices would be 
about 1.5 points lower, but this would 
make only little difference. The final 
conclusions of Parsons is that “the pris- 
oners at our disposal give us no reason 
for thinking that there is any part of 
modern Germany in which the Alpine or 
Slav characteristics have not dominated 
the Teutonic or Nordic.” 

Parsons and Clarke have also observed 
the pigmentation of the hair and eyes 
in 3,350 of the German prisoners, and 
the results show in the various provinces 
of from 10 (Hanover, Mecklenburg) to 
37 (Alsace) per cent, of “pure bru- 
nettes,”^® which does not differ very 
materially from the results obtained by 
the previously dealt with survey of Ger- 
man school children. 

Parsons records also the measurements 
of stature of 1,545 subjects. The means 
ranged from 5' 6.1" in Wiirttemburg 
and Bavaria to 5' 8.1" in Mecklenburg — 
once more substantial differences. 

15 F. G. Paraons, Anthropological Observa- 
tions on German Prisoners of War. J. Anthrop. 
Inst., Lond., 1919, XLTX, 20-35. 

15 Those in whom dark to black hair iraa ac- 
companied by brown eyes. 


Gerbian Immigrants 

The second and independent series of 
measurements on adult Germans were 
taken under my direction by Dr. Mary 
T. Mernin, on Ellis Island, the New 
York gate for immigration. They ex- 
tended to 100 normal but otherwise un- 
sclected males 24-58 years of age, and 
the measurements were taken with espe- 
cial care so that they might safely be 
used for scientific comparisons. The 
men came from various parts of Ger- 
many and close to 90 per cent, bore 
strictly German names. The average 
stature of those men was 170.4 cm (5 ft. 7 
in.), but ranged from 156.1 to 186.2 cm. 
The mean cephalic index of the 100 was 
83.15, with tlie range from 70.6 to 93.3, 
or from dolicho- to hyperbrachycephaly. 

Some exceedingly interesting compari- 
sons are now possible with an equal-sized 
series of incoming f’renchmen, measure- 
ments on which were taken at Ellis Island 
by the same person as well as methods and 
during the same period. Here too the 
subjects came from various parts of 
France and come probably close to rep- 
resenting the general average status of 
the population. It will be of advantage 
to contrast in this case all the determi- 
nations and to compare the same also 
with those obtained on Old Americans.^^ 

The statural and also the absolute 
weight in the Germans are slightly 
higher than they are in the French, both 
being lower than the Americans; but 
j)roportionately to stature the French 
are slightly superior in weight to the 
Germans. 

In the arm-spread both the French 
and the Germans show some excess over 
the Old Americans — their arms are rela- 
tively somewhat longer. 

In the height sitting the Germans 
show slightly the highest, with the 
French close next, and the Americans 
close last. 

All through these several determina- 

17 A. Hrdli^ka, < ‘ The Old Americans. » » Bal- 
timore, 1925. 
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TABLE 1 

Mbasurements of German, French and American Adults 
Averajie Weight and Stature in Metric Units 


Group 

Subjects 

Ave. age 
yr. 

Stature 
cm. ^ 

Weight 

kg. 

Weight : 
grams per 
cm. Htat. 

Arm-spread 
per cent, of 
stature 

Height 
sitting 
per cent, 
stature 

Germans 

100 

.30.5 

(24-58) 

170.4 

67.5 

87.3 

104.3 

53.3 

French 

100 

.30.0 
(21 58) 

168.8 

67.0 

87.6 

104.9 

53.1 

Old Americans^* . . 

250 

42 5 
(24-00) 

174.5 

68.2 

86.2 

102.7 

52.0 


tions the Germans and French are closer 
tof^ether than either of them is to the 
Old Americans. 

The head of the Germans is the broad- 
est and shortest givin*^ the highest 
cephalic index (Table 2). The French 


slightly the best, the German close sec- 
ond, the American last (due to the ele- 
vated stature). 

The facial dimensions are practically 
the same in the Germans and the French, 
but the face is narrower in the Old Ameri- 


TARUE 2 
Head 


Group 


Length 

cm. 

Breadth 

cm. 

Height** 

cm. 

Mean head 
diam. 
cm. 

Mean head 
diain. v&. 
stature 

Cephalic 

index 

Mean 

height 

Index 

Germans 


19.1 

15.9 

13.6 

10.19 

95.0 

83.1 

77.5 

French 


10.2 

15.7 

13.6 

16 14 

95.6 

81.7 

77.2 

Old Americans . . . 


10.8 

15.6 

13.9 

16 40 

91.0 

78.3 

70.0 


of our series give actually appreciably 
lower index than the Germans. 

In the height of the vault the Ger- 
mans and the French are again consider- 
ably alike with the Americans above 
both of them. 

The size of the head is absolutely great- 
est in the Old Americans, with the Gcr- 


cans. All this is reflected in the indices 
(Tables). 

The forehead is slightly the lowest in 
the French, due to slightly lower descent 
of the hair. In breadth it is a trace 
narrower in the Americans, in correla- 
tion with the lesser breadth of the vault. 

The breadth of the lower jaw at its 


TABLE 3 
Face 


Group 


Gormnns 

Fronrh 

Old AmericanH 


Total 
height — 
hair line 

Height to 
nasion 

Greatest 

breadth 

Facial 

Index 

total 

Facial 

index, 

lower 

Height of 
forehead*® 

Smallest 
breadth of 
forehead 

Lower jaw 
breadth at 
angle 

18.3 

11.8 

14.2 

77 5 

8.3 1 

6.67 

10.8 

10.6 

. . . 18 3 

11.9 

14.2 

77 3 

83.8 

6.34 

10.7 

10.8 

18.5 

11.9 

13.0 

76.1 

86.1 

6 58 

10.6 

10.6 


mans and French closely alike. Kela- 
tive to stature the French head shows 

Laboratory series. 

i®8ee writer’s ** Anthropometry, ” Philadel- 
phia, 1920, ’39. 

20 Where unaffected by loss of hair. 


angles is the same in the Germans and 
the Americans, slightly greater in the 
French. 

Once more there are astonishingly 
close relations between the Germans and 
the French. 


248 


THE SCIENTIFIC MONTHLY 


TABLE 4 


Group 


Nose 


Left Eab 

*■* 

§ 

& 

Breadth 

Index 

Height 

Breadth 

Index 

Gt^riimnn . . 

B.4B 

3.60 

65.3 

6.46 

3.72 

67.6 

French . . . 

5.43 

3.62 

66.6 

6.46 

3.86 

69.6 

Old Amerl- 







caoB .... 

6.35 

3.61 

67.6 

6.00 

8.79 

56.7 


The nose and also the ear show close 
similarities in the three groups. The 
slightly relatively broader nose in the 
Americans is connected with the greater 
average age of the Americans. 

The somewhat marked excess in ear 
length in the American group is doubt- 
less due also to the higher average age. 
The French ear is slightly the broadest, 
but its height is identical with that of the 
Germans. 

TABLE 6 

Chest (at rbiqht or nipples) 


Group 

Breadth 

Depth 

Index 

Germans 

29.7 

21.4 

72.2 

French 

80.4 

22.3 

73.2 

Old Americans . . 

. 29,8 

21.7 

72.9 


The chest shows slightly the best in 
the French, particularly in relation to 
stature, but the differences are small 
(Table 5). The chest index too is much 
alike in the three groups. 


TABLE 6 



Left Hand 

Left Foot 

Group 

Length 

Breadth 

Index 

Length 

Breadth 

1 

M 

Germans . . 

19.3 

0.3 

48.6 

26.6 

20.4 

10.2 

38.3 

French . . . 
Old Ameri- 

10.36 

9.4 

48.4 

10.0 

37.8 

cans .... 

10.3 

0.2 

47.6 

26.1 

9.6 

36.3 


The hand and foot are almost iden- 
tical in the Germans and the French, 
somewhat narrower in the Americans 
(Table 6). 


TABLE 7 

Stbbngth in Hands 


Group 

Pressure (In kg.)*> 

Right I.<eft 

band hand 

Traction 

(bimanual) 

Germans 

39.7 

37.3 

20.1 

French 

39.1 

37.2 

21.4 

Old Americans 

. . 41.8 

36.1 

22.3 


With Mathieu and Colin dynamometer. 


In the strength of the hands, both 
pressure and traction, the Germans and 
French are again very much alike, and 
both are close to the Americans, in whom 
however the disproportion between the 
right and the left hand is somewhat 
greater (Table 7). 

In this connection it may be said that 
while the Old Americans stand some- 
what apart, the Germans show so many 
and so close similarities with the French 
that no closer relations could be ex- 
pected between any two like groups of 
Germans themselves. This is, of course, 
only in the averages which cover a mul- 
titude of variance. 

But such averages are of very much 
value in general comparisons. They 
show plainly in this case how unfounded 
are all efforts at any segregation of the 
German “race.’’ 

Conclusions 

There is a German nation, a large 
linguistic and political unit. 

This nation originated in what are 
now northwestern and western Germany 
north of the Rhine, from the prehistoric 
occupants of these regions. 

There are indications that the main 
old stock of these parts was related to 
the principal stock which in the early 
neolithic times peopled the Scandina- 
vian countries, but from old showed some 
heterogeneity. 

Prom prehistoric times to the present 
day the German people, always strong 
in numbers as well as in armaments, 
partly peaceably but largely by force. 
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have been absorbing their neighbors, the 
Kelts in the south, the Slavs and in 
smaller measure the Lithuanians in the 
east ; and the progeny of these accretions 
admixed more or less the former parts 
of the nation. 

The additions to the old German stock 
were collectively so numerous that in 
general they greatly modified the same 
in pigmentation, head form and general 
physique. 

The Germans to-day are a major com- 
plex of Oermanic-Keltic-Slav composi- 
tion, and different basically neither in 
language nor any special physical or 
even inborn mental characteristic from 
other white people. They have become 
what they are to-day, aside from edu- 
cation, through tradition, habits and es- 
pecially indoctrination. 

Racial pride, while not inborn, is, 
wherever conditions permit, a universal 
part of both our idealism and egoism. 


and within bounds is a potential agency 
for much that is beneficial. But if not 
held within wholesome limits or if 
fanned by the demagogue for his own 
designs, it may readily pass into conceit, 
arrogance and strife. 

There has never been nor is there now 
any nation of any accomplishments that 
did not regard itself as superior, in the 
line of those accomplishments at least, 
to others. Where the accomplishments 
alone do not suffice it will draw upon 
fabled descent, with overexalted ances- 
tors. And woe to realities and even 
good common sense where there is some 
justification for the self-esteem. In that 
case facts of any kind that disturb must 
give way. They are colored differently, 
or roughly denied and passed over. 
‘‘Racism’’ is a psychological phenome- 
non, but may be made into a powerful 
agency for temporary unity of a people 
and its following of self-imposed leaders. 


HIGHER EDUCATION IN CHINA 

By Dr. ZING YANG KUO 

DIREOTOE, INSTITUTE OP PHYSIOLOGY AND PSYCHOLOGY, CHUNGKING, CHINA 


In 1912, when the Chinese Republic 
was established, there were only four in- 
stitutions of higher learning with a total 
number of students below five hundred 
(461) and with an annual expenditure 
of $755,730 Chinese currency, according 
to a recent report by the Ministry of 
Education of the Chinese National Gov- 
ernment. By the time when the war 
began in 1937, the total number of uni- 
versities and colleges in China had in- 
creased to 108, with a total enrolment of 
31,188 students. The annual budget for 
higher education for the year 1937 was 
$35,574,896 Chinese currency. The 
rapid progress and expansion of higher 
education in China during the twenty- 
five years previous to the war are clearly 
indicated by these figures. But the im- 


provement in the quality of teaching in 
universities and colleges is even greater 
than the increase in the number of 
schools and students. 

During the last four years, the Japa- 
nese army and air forces have been delib- 
erately and systematically destroying 
Chinese educational and cultural insti- 
tutions. Those located in the areas occu- 
pied by the Japanese troops have been 
plundered or foref^d to discontinue their 
work, while those situated behind the 
Chinese lines have been systematically 
sought out and bombed from the air. 
Of the 108 universities and colleges and 
technical schools at the outbreak of hos- 
tilities, fourteen were totally destroyed, 
while eighteen were damaged to such an 
extent that it has been impossible to 
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operate them. Seventy-three other insti- 
tutions which were removed to the in- 
terior can not utilize the equipment they 
originally had and are operating on very 
scanty resources. The total losses of 
property sustained by the Chinese uni- 
versities and colleges as a result of the 
war have been estimated at $65,200,000 
Chinese currency. The total losses of 
books are well over ten million volumes. 

In spite of the great losses and destruc- 
tion, the Chinese universities and colleges 
are still operating on a more or less regu- 
lar schedule. At present there are 
104 universities, colleges and technical 
schools operating on a regular schedule. 
Most of these schools have been removed 
to the interior. Of these 104 institutions 
of higher learning, 13 are mission col- 
leges, which are operated by mission- 
aries and supported partly by the 
churches in the U. S. and partly by 
tuition fees and subsidies from the Min- 
istry of Education of the Chinese Gov- 
ernment. Of the some 50,000 students 
now studying in Chinese universities and 
colleges, about 7,000 are enrolled in the 
mission colleges. 

The war has not only not diminished 
the number of students, but has in- 
creased it. As noted before, the total 
number of students at the beginning of 
the war was 31,188. It was increased to 
36,180 in 1938 and to 44,442 in 1939. At 
present, it is well over 50,000. A great 
number of these students have come 
from the areas occupied by the Japanese 
troops. Many of them had traveled 
mostly on foot more than one thousand 
miles to receive their college education 
in Free China. 

While Chinese universities and col- 
leges are still able to maintain their work 
in spite of the extreme physical hard- 
ships which teachers and students have 
been enduring during the last four years, 
their suffering from what may be de- 
scribed as “intellectual starvation’^ is 
the most unbearable. In a great many 


cases, both teachers and students are 
working without library or laboratory 
facilities. Teachers would lecture from 
memory or use old textbooks. Students 
generally work with bare hands, taking 
down lecture notes with scanty oppor- 
tunity for collateral reading in the li- 
brary or for experiments in the labora- 
tory. A great many teachers of science 
have not seen a single copy of scientific 
periodicals for more than three years. 
Under such conditions, it is almost im- 
possible in a great many cases to carry 
out scientific research except in a very 
primitive manner. Consequently, there 
has been a decided downward tendency 
of the intellectual level among the Chi- 
nese colleges and universities despite the 
fact that the number of students has 
steadily increased and that class exer- 
cises have been regularly maintained. 

While China is still at war against an 
aggressor nation, her educational leaders 
have already begun to plan for the re- 
building of her culture and education. 
The work of educational and cultural 
reconstruction will be started as soon as 
the war is over, or even sooner, if suffi- 
cient assistance and cooperation from the 
United States can be secured. In fact, 
while China is fighting for her national 
existence, she is at the same time remak- 
ing the nation. Education occupies a 
very important part in her program of 
national reconstruction. 

In order to appreciate the importance 
of China’s new program for reconstruc- 
tion of higher education, the following 
existing conditions in China upon which 
the new program is based should be 
briefiy stated : 

The war has offered China an excel- 
lent opportunity for a long range plan- 
ning for her national reconstruction. 
In industry and agriculture, China has 
already undergone tremendous changes 
since the outbreak of the war. The time 
seems to have arrived when China should 
start her national planning for economic 
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reconstruction so as to avoid the evils 
of capitalism and Nazism and the mis- 
takes of Communism. In such a national 
planning, education — especially higher 
education — should be included as a most 
vital part of the new national structure. 
In planning a new program for her 
higher education, therefore, great stress 
should be laid on the training of scien- 
tific and technical personnel for national 
economic reconstruction so that when the 
economic reconstruction begins, there 
will be an adequate supply of trained 
men for various tasks. However, other 
aspects of cultural studies such as arts, 
philosophy, literature and humanities, 
etc., will not be neglected. 

At present, there is already a great 
shortage of trained personnel in various 
fields, especially in science and technol- 
ogy. When the war is over and recon- 
struction in industry and agriculture is 
begun, the shortage of personnel will be 
very much more acute unless a well- 
planned program for training men and 
women for the tasks of reconstruction is 
worked out well in advance. 

At present, most of the university pro- 
fessors in China and most of those who 
hold important positions in government 
and in industry were educated in foreign 
countries, particularly in the United 
States. Due to the lack of library and 
laboratory facilities and other resources 
and to the irisufllcient number of first 
grade professors in China, the training 
of scientific and technical personnel for 
cultural and economic reconstruction in 
China will depend, more than ever 
before, upon sending students to study 
in the United States and upon inviting 
American scholars to teach in Chinese 
universities. Unfortunately, since the 
outbreak of the war, the number of 
Chinese students studying in this coun- 
try has decreased considerably. Ar- 
rangements must soon be made so that 
greater numbers of Chinese students can 
be sent to this country for scientific and 


technical training if the program for the 
reconstruction of China is to be carried 
out in due time. 

During the last thirty or forty years, 
the Chinese Government had adopted a 
laissez-faire policy with regard to 
Chinese students studying abroad, with 
the result that a great many students 
did not acquire their training according 
to the need of the nation and were un- 
aware of those specific and unique prob- 
lems with which they would be con- 
fronted when they returned to China. 
Consequently, such students often found 
themselves ill-prepared and unequal to 
their tasks when they were required to 
deal with such problems. 

The New Program for Reconstruction 
OP Higher Education 

Based upon the above facts and condi- 
tions, a new program foj* reconstruction 
of higher education in China has been 
evolved. It may be briefly outlined as 
follows : 

1. A long range national program for 
the development of higher education 
(luring the next fifteen or twenty years 
is to be laid out. 

2. This program will be based upon 
and coordinated with economic recon- 
struction of the nation. 

3. A nation-wide survey is to be made 
to ascertain the number and kinds of 
scientific, technical and professional per- 
.sonnel which will be needed during the 
next fifteen or twenty years for industry, 
government services and for teaching in 
universities and colleges. Based upon 
this survey, the number of graduate stu- 
dents to be trairif d each year in China 
and in the United States will be deter- 
mined. 

4. Every effort will be made to dis- 
courage establishment of new universi- 
ties or colleges and to close down those 
which fail to comply with required aca- 
demic standards. Unnecessary duplica- 
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tions in instruction and research are also 
to be discouraged and reduced to a mini- 
mum. 

5. Although at present there are still 
104 universities and colleges in opera- 
tion, in view of the lack of adequate 
teaching staff and resources, we shall not 
attempt to re-equip all of them and bring 
them all up-to-date. On the contrary, 
we shall select only four or five out of 
these 104 institutions and concentrate 
our efforts on rebuilding them, bringing 
them up to modern standards and mak- 
ing them as centers for training graduate 
students in China. Material and finan- 
cial aid from the United States will be 
used mostly for the rebuilding of these 
four or five selected institutions. It is 
hoped that arrangements can be made to 
bring visiting professors from American 
universities to teach in these selected cen- 
ters in China. These centers, however, 
will not be able to turn out sufficient 
numbers of trained men to meet the 
needs of the nation. We must, therefore, 
look forward to sending a great number 
of students to be trained in the United 
States. 

6. With reference to sending students 
to study in the United States, the follow- 
ing principles will be adopted: 

(a) The laissez-faire policy will be 
abandoned. 


(b) No students will be permitted to 
come to study in the United States unless 
they have fulfilled the requirements as to 
academic qualifications, practical ex- 
periences, and specific projects of study. 
This will be applied to all the students 
supported either by public or private 
funds. 

(c) Only graduate students with prac- 
tical experience in teaching, industry or 
government service will be sent to study 
in the United States. They should come 
with definite aims and projects and 
should know what they are expected to 
do when they return to China. They 
may not be required to follow the courses 
of study as prescribed for American 
students. 

(d) A well qualified person is to be 
sent to the United States to act as the 
councilor for Chinese students studying 
in America. 

This is the gist of the new program 
for reconstruction of higher education in 
China, upon the success of which not 
only the rebirth of China’s culture, but 
also her economic reconstruction depend. 
The task will be tremendous. But we 
shall try to carry it out with firm resolu- 
tion. However, in view of her exhausted 
conditions due to the war, China will not 
be able to accomplish this task without 
American assistance and cooperation. 



DAVID DALE OWEN, MAN OF SCIENCE 

By Dr. WALTER B. HENDRICKSON 

DEPARTMENT OF HISTORY, MACMURRAY COLLEQB 


David Dale Owen, one of the leading 
geologists of the United States a hundred 
years ago, was one of the second genera- 
tion of scientists who made New Har- 
mony, Indiana, their home. Following 
the trail blazed by William Maclure, 
Thomas Say, Gerard Troost, and Charles 
Alexander Lesueur, the son of Robert 
Owen carried on scientific research in 
geology, chemistry, and paleontology.^ 
At first he worked almost alone, but as 
he gained experience and enhanced his 
reputation, he gathered around him a 
circle of scientists who were leaders in 
their fields in the 1840*s and 1850’s. In 
the little town on the Wabash River, 
Owen built and maintained a large labo- 
ratory and museum which became the 
center of his operations as he worked 
on geological surveys for the United 
States government and for the states of 
Kentucky, Arkansas, and Indiana.^ 

What manner of man was this hard 
working, inquiring geologist? In the 
report of his most extensive and elabo- 
rate survey, that of Wisconsin, Iowa and 
Minnesota there is a portrait of the scien- 
tist.^ It pictures an alert, rather hand- 
some man with a high forehead, straight 
nose, sensitive mouth and strong chin. 
Owen’s deep-set eyes were blue and his 
wavy hair brown. lie was moderately 
tall, and though slight of frame, pos- 
sessed a wiry strength and great stamina. 
Always immaculately dressed, he affected 

1 C. A. Browne, ‘ * Some Belations of the New 
Harmony Movement to the History of Seionco 
in America, in The Scientific Monthly, XLII 
(1936), 488-493. 

2 See VTalter B. Hendrickson, David Dale 
Owen, Pioneer Geologist of the Middle West, 
Ph.D. Thesis (ms.) Harvard College Library. 

8 D. D. Owen, Report of a Geological Survey 
of Wisconsin, Iowa, and Minnesota . . . (Phila- 
delphia, 1852), 206. 


clothing in shades of gray. He was 
graceful in his movements, a skilled ice 
skater and an elegant ballroom dancer. 
A cultured gentleman, he was schooled 
in the social graces, and was reserved 
and quiet in public.* 

David Dale Owen married Caroline 
Neef, a daughter of Joseph Neef, a 
former New Harmony school teacher, in 
1837. When they returned from their 
w'edding trip they moved into the ‘ ' Owen 
Mansion” with Dale’s brother Robert 
and the latter’s wife. This arrangement 
continued for some years, but when the 
brothers’ children became older, other 
plans were made. Dale sold his interest 
in the family home to Robert and con- 
templated the purchase of the house in 
which his sister, *lane Owen Pauntleroy, 
lived.'’ The sale was never consum- 
mated, but Dale and his family moved in 
with Jane and remained until Owen ac- 
quired a large dwelling near his labora- 
tory. 

This house, first built as a residence 
by Father George Rapp, leader of the 
religious group that originally founded 
the town of New Harmony, was later 
occupied by William Maclure and then 
passed to his brother and sister, Alex- 
ander and Anna Maclure, upon the death 
of their brother.® Erected as a two 
storied house, it had been converted into 
a one floor ” cottage” with very high 
ceilings. It was a beautiful place with 

* Caroline D. Snedoker, The Town of the 
Fearless (Garden City, 1931), 296, 302. Mrs. 
Snedeker is David Dale Owen^s granddaughter. 

8 This house, known today as * ‘ The Old 
Fauntleroy Home,’' has been taken over by the 
New Harmony Memorial Commission, and is 
open to the public. 

8 This house, known today as the Happ-Mac- 
lure-Owen House, is still occupied and is open 
to the public. 
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spacious rooms and handsome fireplaces. 
There was a long and wide center hall 
with living and bedrooms on each side 
and a huge dining room at the end. 
Owen filled the house with books and 
pictures, some of the latter from his own 
brush. The hall was a museum with 
shelves along each side for the display of 
geological specimens. One of the most 
prized was a complete Ichthyosaurus 
from Germany which was an object of 
wonder to the Owen children. 

The management of the household was 
left almost entirely to Mrs. Owen be- 
cause her husband was either away from 
home engaged in field work, or if in New 
Harmony he was eontiniially occupied in 
his laboratory. Caro, as Owen called his 
wife, managed the large house efficiently. 
In the garden plot and gre(‘nhouse 
nearby, vegetables and fruit were grown 
for the table. An ice house and smoke 
house were also part of the osiablish- 
ment. But Dale did take an interest in 
his home and occasionally bought things 
for it after consultation with his wife. 
At one time, though, he must have em- 
barrassed her by sending home a whole 
bushel of hominy without asking if it 
was needed.^ 

Caro was somewhat in awe of her dis- 
tinguished husband and had the mid- 
Victorian attitude that since he was the 
master of the house everything should 
be done to make him happy and com- 
fortable. She admonished the children 
to be on their best behavior when he was 
present, and told them that their father 
was not to be disturbed nor inconve- 
nienced under any circumstances. Yet 
Caro and Dale were very close to one 
another, each being completely in the 
other’s confidence. Dale wrote Caro the 
details of his surveys and discussed mat- 
ters of finance with her. His letters 
were cheerful and intimate and he exer- 

7 Those and other details have been gathered 
from Owen^s letters now in the possession of 
Mrs. Caroline D. Snodeker, and have been cited 
with her permission. 


cised his great powers of description to 
make his life in the field real and vivid 
to her. 

Pour children were born to Caro and 
Dale : Alfred in 1841 ; Anna, 1843, Wil- 
liam, 1847 ; and Nina, 1849. Owen loved 
his children and was always gentle and 
patient with them. Nina, the youngest, 
was permitted to go into the museum and 
laboratory and play about among the 
specimens and apparatus. Realizing the 
benefits he had derived from his own 
European education, Owen sent Alfred 
abroad in care of his sister, Jane, to 
attend school in Germany. 

This quiet man had few interests out- 
side of his home and his scientific work. 
He took no part in politics and his party 
affiliations are unknown. It may be pre- 
sumed that he, like his brother, Robert 
Dale Owen, was a Democrat. Dale’s ap- 
pointments in the federal service were 
obtained in part through his brother’s 
political connections. In fact, one of 
the main points made by Robert’s oppo- 
nent in the Congressional election of 
1847 was that he ‘‘had got every brother 
and brother-in-law he had into lucrative 
ojJ?ce. ”® One other indication that Owen 
adhered to the party of Jefferson and 
Jackson was that he permitted enthusi- 
ajstic supporters of Stephen A. Douglas 
to erect a campaign banner in front of 
his house in 1859. 

The Iloosier geologist, however, held 
definite economic views to which he gave 
expression in many of his geological re- 
ports. He believed that the government 
should make resources available to the 
citizens ; beyond this government had no 
further responsibilities. The best inter- 
ests of all the pot)pIe would be served by 
the utilization of the potential wealth in 
the ground, even though ore deposits 
were turned over to private individuals 

* B. D. Owen to Bichard Owen, New Har- 
mony, August 21, 1847, Bichard Owen Papers. 
(Italics in the original.) These papers are in 
the possession of Mrs. Aline O. Neal, New Har- 
mony, Indiana. 
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for exploitation. Owen was disturbed 
because Americans were not making full 
use of their mineral resources. He noted 
that the United States annually im- 
ported largo quantities of lead although 
already possessed of huge reserves of ore 
in its own rocks. This practice, Owen 
said, prevented the nation from having 
a favorable balance of trade. Pull utili- 
zation of lead and iron resources would 
stop the drain on the stock of gold bul- 
lion in the United States caused by the 
large importations.® 

Although Owen in his later years 
wrote and spoke on nothing but scientific 
subjects, early in his career he made two 
public addresses in which he revealed 
some of his social and economic ideas. 
In 1844 he addressed the New Harmony 
Temperance Society. In his lecture the 
geologist emphasized the harmful physio- 
logical effects of alcohol. He said that 
if habitual drinkers were made aware of 
the damage that ardent spirits did to the 
body’s organs they would cease their 
overindulgence. Owen based his cure 
for intemperance on the theory that 
knowledge of the consequences of im- 
morality is one of the strongest motives 
to morality.”^® The geologist ap- 
proached the temperance question coldly 
and logically and advanced a solution 
drawn entirely from his own early medi- 
cal studies and scientific training. He 
said nothing of the social implications 
of intemperance nor of the difficulties in 
the way of the regulation of man’s per- 
sonal habits and appetites. Owen failed 
to plumb the depths of this sociological 
problem, and merely expressed the theo- 
retical views of the man of science. 

Owen again drew upon his technical 
information in a Fourth of July oration 
that he delivered in New Harmony in 
®D. D. Owen, ‘‘Report of a Geological Ex- 
ploration of Part of Iowa, Wisconsin, and 
Northern Illinois Executive Document 

26 Cong., 1 Bess., No. 239 (Juno 30, 1840), 39. 

^0 Indiana Statesman (New Harmony), April 
6, 1844. 


1845 in which he sought to explain the 
dangers which threatened the liberties 
of Americans. Although he admitted 
that political liberty had brought untold 
blessings to the people, he pointed out 
some of the ‘‘politico-economic para- 
doxes” which prevented the fullest reali- 
zation of complete personal freedom. 
Particularly did he emphasize the fact 
that poverty and hunger existed in a 
land of plenty, that education was not 
available to the masses, and that, in spite 
of great mechanical advances, men still 
had to labor hard and long for small 
wages. 

For the mitigation of these evils Owen 
had no concrete plan. He only said, 
” Necessity will come to our aid, . . . ex- 
perience will guide us in the path : hope 
will cheer us on our way, confidence will 
ensure success. ” The ‘ ‘ one bright star ’ ’ 
was the law of progression which had 
been working throughout human history 
to bring political liberty to perfection. 
In earth history, too, the geologist found 
evidence of the operation of this same 
law of progress. Geology, ‘‘this search- 
ing — this penetrating science,” he said, 
has proved that ‘‘race after race has 
passed away and become extinct, to be 
succeeded again and again by other 
forms belonging to higher orders in the 
scale of the animal kingdom.” In the 
study of geology Owen discovered con- 
clusive proof that ‘‘there has been, from 
the earliest periods, a continual accumu- 
lation and concentration of nervous and 
intellectual power — a tendency upwards, 
a striving after perfection — a law of 
apparently illimitable progression. . . .” 
Owen closed his address on a note of 
optimism and hope, saying, ‘‘With such 
evidence of the law of progress, and 
knowing the immense resources of science 
and art, what need, then of despondency! 
What more animating — more encourag- 
ing stimulus to labor in the cause of 
human perfection 

11 Indiana Statesman, July 12, 1845. 
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Certainly such sentiments were worthy 
of a son of Robert Owen. Cast upon a 
high moral plane, this speech indicated 
that at one time in his life David Dale 
Owen shared the optimism and idealism 
of his father and brothers. The ideas 
expressed were not original, except per- 
haps in the application of a scientific 
hypothesis to sociological theory. So far 
as is known, the geologist made no more 
public statements of his Utopian ideals. 
In his later life Owen was thoroughly 
absorbed in the practical details of geo- 
logical surveying, and had little time to 
consider subjects which did not come 
directly within his own range of interest. 
In the field of science he was a profound 
and penetrating commentator j outside of 
it his ideas were trite and derived from 
the thoughts of other men. 

In his chosen field the New Harmony 
scientist was an indefatigable worker. 
Not only did he accomplish a stupendous 
amount of field work, but when at home 
most of his time was spent in his labora- 
tory. He was there early in the morn- 
ing, came home for noon and evening 
meals, and, after a romp with the chil- 
dren, or a stroll for exercise, he returned 
to his office to labor far into the night. 

Owen’s headquarters buzzed with ac- 
tivity throughout the winter and si)ring 
when he was engaged on a survey. Many 
people of the town found employment 
there in outfitting the various expedi- 
tions. Wagons and carriages were over- 
hauled, tents mended, general camp im- 
pedimenta renovated, and boxes made 
for specimens and cloth sacks made for 
soil samples. 

For use in the field Owen designed a 
special wagon. It was a small, sturdy 
vehicle fitted with lockers for carrying 
instruments and supplies, and having a 
prairie schooner-like top. The geologist 
and his assistants often used a carriage 
for their own transportation while the 
sub-agents and laborers rode in the 
wagons. Owen took pride in having 


smart well-painted wagons and fine ani- 
mals to pull them. One of his teams 
won a second prize for working mules at 
the Posey County fair. 

It was in the 1850 ’s that the renais- 
sance of science in New Harmony under 
the leadership of David Dale Owen 
reached its height. During these years 
Owen was engaged on the survey of the 
states of Wisconsin, Iowa, and Minne- 
sota Territory for the United States 
government; and he headed the Ken- 
tucky Geological Survey, directed the 
geological reconnaissance of Arkansas, 
and supervised the second geological sur- 
vey of Indiana on which his brother, 
Richard, did the field work. Among the 
men 'whom Owen gathered about him 
were some future leaders of geological 
work in the Middle West, including Dr. 
Joseph (t. Norwood, first state geologist 
of Illinois; Dr. A. Litton of the Missouri 
geological survey; and Dr. Edward T. 
('ox, a resident of Now Harmony and the 
third state geologist of Indiana. Other 
leading scientists employed by Owen and 
who visited the town at intervals were 
Dr. Leo Lesquereux, the leading paleo- 
botanist of the period, and Dr. William 
Elderhorst, a distinguished chemist and 
authority on blowpipe analysis. 

In 1858 Richard Owen attempted to 
capitalize on the presence of these lead- 
ers and projected a technical school to 
be called the Indiana School of Practical 
Sciences. The laboratories and museum 
were to be used and Dale and his assis- 
tants were to be instructors. Dale was 
interested in the project because he real- 
ized that New Harmony had no commer- 
cial future, but felt that it might become 
an educational f*oi‘ter. For some un- 
known reason the school failed to mate- 
rialize, and Dale Owen was much too 
busy with his own work to give attention 
to the matter. It must have been at 
least a momentary disappointment to 
him, though, because he had hoped to 
enlarge the circle of scientists in New 
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Harmony, and he had invited Dr. Robert 
Peter, the chemist employed by Owen on 
the Kentucky survey, to bring: his family 
and become an instructor in the school.'* 

Although Owen’s relations with other 
men were usually pleasant, he was some- 
what impatient with dull wits. Gen- 
erally soft-spoken, he wielded a caustic 
pen when aroused by incompetence or 
failure to understand scientific matters. 
In 1845 he had appeared in St. Louis to 
give a series of lectures on chemistry and 
geology. The audiences were quite small 
and he barely made his expenses. He 
wrote to his wife bitterly denouncing the 
citizens as ‘‘ignorant, selfish, moneymak- 
ing people with no taste for science.” 
On another occasion he soundly berated 
an engraver who misinterpreted one of 
his geological sketches. Yet Owen in- 
spired loyalty and affection in other men. 
A Dr. Bell of Louisville wrote to a Con- 
gressman, “ ^Permit me to introduce to 
your acquaintance Dr. Owen ; if you can 
avoid loving him then I shall consider 
the age of miracles has come.’ 
Owen’s topographical assistant on the 
Kentucky survey, Sidney S. Lyon, 
stoutly defended his chief against at- 
tacks by some members of the legislature 
who wanted to displace him as head of 
the survey.'* 

The Hoosier geologist was ambitious 
and he was criticized by jealous rivals. 
When Owen was seeking the appoint- 
ment as state geologist of Kentucky, his 
old assistant in the Northwest, Joseph G. 
Norwood, who would have liked the place 

12 D. D. Owen to R. Peter, New Harmony, 
October 30, 1858, Peter Ijottera. Permiaaion to 
cite these lettera was given to the author by Dr. 
Alfred Peter, the sou of Dr. Robert Peter. 
They are now the property of Translyvania 
Univoraity. 

13 D. D. Owen to Mrs. D. D. Owen, St. Louis, 
March 12, 1845, D. D. Owen Papers; D. D. 
Owen to J. II. McChesney, New Harmony, 
March 8, 1859, in Indiana State Library; D. D. 
Owen to Mrs. D, D. Owen, Washington, D. C., 
February 8, 1853, D. D. Owen Papers. 

Sidney 8, Lyon to R. Peter, January 2, 
February 27, March 25, 1858, Peter Letters. 


for himself, accused Owen of nithless ac- 
quisition of specimens. Norwood said 
that Owen personally appropriated all 
specimens collected on public surveys.'*^ 
Owen, like all confirmed collectors, did 
use every means to enlarge his museum 
and his various official positions gave 
him unexcelled opportunities for adding 
to it. Norwood’s charge, how^ever, was 
not entirely justified because Owen al- 
ways obeyed the letter of his instructions 
and supplied collections whenever they 
were called for. One can not refrain 
from believing, though, tliat the best of 
the specimens found their way into the 
New Harmony museum. 

David Dale Owen was, as Dr. Peter 
said, “Unselfish and ever careful to give 
everyone his due, [and] he always 
awarded to his various associates . . . 
their just share of honor and responsibil- 
ity.”'® Dr. Peter was himself a benefi- 
ciary of Owen ’s generosity. The chemist 
made so many soil analyses in such a 
short time that he was accused of falsi- 
fying his data. Owen rose to his defense, 
and in the fourth report of the Kentucky 
survey gave a careful explanation of the 
time-saving methods used by Dr. Peter 
and paid high tribute to his ability as a 
scientist. 

Thus one sees Owen the man and Owen 
the scientist as one and inseparable, for 
Owen the man lived only to be Owen 
the scientist. II is relations with his fam- 
ily and with fellow citizens were inex- 
tricably bound up with his intense and 
all-absorbing interest in science. On the 
other hand he was the same quiet and 
sympathetic but zealous and particular 
man in his professional relationships 
that he was in his home and community. 
The portrait appears almost naively sim- 
ple, delineating an honest man with a 
single purposeful interest. 

15 J. G. Norwood to R. Potor, New Harmonj, 
July 3, 1854, Peter Letters. 

15 R, Peter, “Obituary Notice of David Dale 
Owen,“ in D. D. Owen, Fourth Beport of the 
Geological Survey of Kentucky . . . (Frankfort, 
1861), 329. 



METEORITES AND THE MOON 


By Dr. H. H. NININGER 

CURATOR or MBTEORITES, COLORADO MUSEUM OF NATURAL HISTORY 


The face of the moon has been the sub- 
ject of many and varied discussions at- 
tempting to offer a satisfactory interpre- 
tation of its peculiar features. Nearly 
all the writers of these articles seem to 
have assumed that vulcanism on the 
moon has been established and that the 
burden of proof that it is not true rests 
upon those who offer alternative or sup- 
plementary hypotheses as explanations 
of the lunar features. Clearly, any true 
volcanic activity that may have existed 
on the moon was so ancient that the re- 
sulting topographical features have long 
since been erased by mcteoritic bombard- 
ment of its surface. Mcteoritic bombard- 
ment is an undeniable fact which has 
been studied on the earth and is known 
as a cosmic process to which the moon 
is necessarily subject. It will be shown 
that this process is sufiScient to account 
for the principal features of lunar to- 
pography. 

Before presenting evidence supporting 
the mcteoritic hypothesis of the origin 
of lunar features, a few of the more con- 
clusive objections to the volcanic theory 
will be presented. In the first place, the 
moon is without water and a sensible 
atmosphere. On the earth, vulcanism is 
limited almost entirely to sea bottoms 
and to land bordering the oceans. The 
process appears to be related to sedimen- 
tation and possibly to removal of mate- 
rial by air and water from one place on 
the earth’s surface to another. 

On the earth a volcanic crater is 
usually a secondary feature of a vol- 
canic cone which has been built up by 
the extrusion of lava. If the crater 
exists, its floor is generally far above 
the surrounding landscape. Now, if 


vulcanism existed on the moon, the re- 
sulting cones and their crater floors 
should be even higher than those on the 
earth because gravity on the moon is 
only one-sixth of gravity on the earth. 
Although relatively low gravity favors 
the wide scattering of materials on the 
moon, it in no way interferes with the 
welling up of more lava to replace that 
which may have been ejected and scat- 
tered. 

Thermal and photometric studies of 
the moon indicate the presence of a 
blanket of porous material. This fact is 
consistent with either the volcanic or the 
bombardment hypothesis. 

Careful scrutiny of lunar photo- 
graphs^ reveals lunar pits representing 
activity which dates back a long time 
and has continued to a very recent geo- 
logical age. In that portion of the satel- 
lite whore the pits are more abundant we 
see superimposed, one upon another, a 
long succession of forms consisting of 
some which are so ancient that their bat- 
tered and buried remains are barely dis- 
cernible and upon which rest others rep- 
resenting all stages of deformation, even 
some which apjiear so fresh that they 
may have been formed since the Pleisto- 
cene age on the earth. The defenders of 
the volcanic hypothesis have always been 
faced with the fact that any vulcanism 
must be dated far back in lunar his- 
tory. Some attribute its features to the 
collapsing or explosion of gas bubbles 
formed on a plastic surface. Evidently 
no explanation of lunar craters can be 
satisfactory which does not allow for the 

1 For photographH the reader is referred to the 
article, * * The Surface Features of the Moon 
Dr. Fred E. Wright, The Scientific Monthly, 
Feb., 1935. 
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process of their formation to continue 
until recent times. 

The unequal distribution of the lunar 
pits over the surface of the moon has 
been urged as evidence against the bom- 
bardment hypothesis. As a matter of 
fact, their wide and abundant distribu- 
tion constitutes a far more serious ob- 
jection to the volcanic hypothesis than 
does their unequal distribution against 
their meteoritic origin. 

Except for portions of the maria and 
some of the mountains, no small bit of 
the lunar landscape has escaped being, 
at one time or another, a portion of the 
rimmed pits. And on much of the sur- 
face the pits overlap or are contained 
one or more within another. There is no 
evidence there has ever been such wide- 
spread vulcanism on our planet, where 
conditions are and have been favorable 
to it. Par more of the earth’s surface 
is free from lava and volcanic craters 
than is covered by them. Besides, if 
vulcanism is to explain the lunar pits, 
then tlie maria represent enormous lava 
flows, not only more extensive than any 
known on the earth, but of such magni- 
tude as to have inundated innumerable 
rimmed pits of all sizes, traces of which 
may easily be detected on the best photo- 
graphs. Judging by the present height 
of the rims of similar pits outside the 
maria, we must assume that many of 
these rims rose thousands of feet above 
the general surface level. Yet, at the 
present time, the maria lie thousands of 
feet below the average level in adjoin- 
ing portions of the moon’s face. Such 
an extensive lava flow would, on the 
earth, require an origin some miles above 
the periphery. On the moon, because of 
its smaller surface gravity, it would need 
to be much higher. Yet measurements 
reveal no central elevation whatever. 

The Battle-Scarred Moon 

In presenting the meteoritic or bom- 
bardment hypothesis, we deal with a 


cosmic process within whose domain the 
moon, no less than the earth, resides. 
In presuming to treat of this process we 
are reaching no farther beyond our ex- 
perience than does the astronomer when 
he assumes gravity on the moon or the 
effects of solar heat on its surface. Vul- 
canism, on the other hand, is strictly a 
terrestrial process as far as we know, and 
any attempt to project its activity be- 
yond the confines of our planet must rest 
upon a clear and unmistakable demon- 
stration that the conditions under which 
it operates obtain there. 

Meteorites are known to bombard the 
earth at the rate of about one million 
per hour, of sufficient size to render their 
courses through the atmosphere visible 
to the unaided eye. How large these 
bodies must be in order that their accom- 
panying luminous phenomena (meteors) 
shall be visible at a distance of 100 miles 
(the average distance at which we ob- 
serve ordinary naked-eye meteors) is a 
matter not yet agreed upon. Formerly, 
they were considered comparable in size 
to grains of sand, but recently they have 
been compared in size to marbles by 
those astronomers who have given them 
closest study. It is generally agreed that 
telescopic meteors are thousands of times 
more abundant than naked-eye meteors. 
Dr. C. C. Wylie has recently stated that 
their number “on the earth per day 
probably runs into millions of millions.”* 
Of the naked-eye meteors, there is a 
considerable number of such magnitude 
that they can be seen in daylight. At 
night these appear as extremely brilliant 
fireballs and often detonations are heard 
by those within twenty to thiry miles of 
their point of disappearance. Observa- 
tions through a period of seventeen years 
have led the writer to believe that from 
seventy-five to one hundred such falls 
occur per year within the borders of the 
United States. Dr. Wylie, who has made 
2 Pofnilar AHtronomy, 44 : 91-2, 1936 ; Univer- 
sity Iowa Obs. Contr. No. 7, 226-7, 1937. 



METEOEITES AND THE MOON 


261 


observations in the north-central portion 
of the United States during almost the 
same period, has arrived at about the 
same conclusion. He places the number 
at ninety per year for the United States 
and assumes an average weight of ten 
pounds for them. lie worked out a 
probability curve for meteorites of vari- 
ous sizes encountered by the earth. The 
following figures are taken from the 
paper previously referred to (the second 
item in each statement is mine) : 

Meteorites of weight ten pounds or 
more, about ninety per year in the 
United States. Entire earth, 5,280 per 
year. 

Meteorites of seven thousand pounds 
or more, two every three years in the 
United States. Entire earth, forty-three 
per year. 

Meteorites of fifty tons or more, one 
every thirty years for the land surface 
of the earth. Entire earth, one in ten 
years. 

Meteorites of two hundred and twenty 
tons or more, one in one hundred and 
fifty years for the land surface of the 
earth. Entire earth, one m fifty years. 

Meteorites of fifty thousand tons or 
more, one in 100,000 years for the land 
surface of the earth. Entire earth, one 
in 33,000 years. 

It should be noted that the estimates 
of the naked-eye meteors and of the first 
item in the foregoing list are baaed on 
actual counts. The weights are theoret- 
ical, as are all of the items listed, but 
they agree fairly well with observational 
data. In cases where there are discrep- 
ancies, the observational data indicate 
that Wylie's estimates are too low rather 
than too high. 

While all the meteorites producing 
ordinary meteors or “shooting stars" 
(one million per hour) are destroyed by 
our atmosphere, each and everyone of 
this size would actually blast the moon's 
surface. This fact means that one im- 
pact occurs for each square mile ap- 


proximately every 40 days; or one per 
square yard every 35,000 years. The 
surface of the moon would be bombarded 
by meteorites at an approximately equal 
rate. 

The average velocity of these “marble- 
sized" missiles is about 26.2 miles per 
second. No one knows exactly what 
would be the effect of such an impact, 
but wc do know that a 46-grain metal 
projectile fired at a speed of 4,250 feet 
per second (muzzle velocity) against a 
piece of steel armor plate, explodes with 
such violence that it blasts a hole in steel 
plate about one and one-half inches 
across and one-fourth of an inch deep. 
The same size projectile fired with a 
muzzle velocity of between 7,000 and 
8,000 feet per second blasts a hole in 
steel armor two inches deep and two and 
one-half inches across. It should blast a 
much larger hole in brittle rock struc- 
ture. The marble-sized m ^toorites of the 
stony variety will compare favorably in 
mass to a 46-grain projectile. We do 
not know, however, just what is the ratio 
between the blasting effects of a projec- 
tile traveling at the bullet speeds de- 
scribed and those of meteorites. Apply- 
ing the rule that the energy of explosion 
increases as the square of the velocity, 
we find that the meteorite whose velocity 
is more than 16 times as great as the 
highest-speed bullet referred to would be 
more than 200 times as powerful as ex- 
plosive as is the bullet. Unquestionably, 
it would blast a hole in solid rock several 
feet in depth. Similar impacts are tak- 
ing place on the surface of the moon; 
every sejuare yard of its surface receives 
one of these missiles every 35,000 years, 
on the average, and nearly 3,000 times in 
100,000,000 years, or in relatively mod- 
ern geological times. 

Meanwhile, about 60,000 (estimated) 
meteorites averaging ten pounds each 
have landed on each square mile, travel- 
ing at similar velocities. Imagine the 
holes blasted by those invaders whose 
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weights average more than 2,0Q0 times 
those of the small ones previously men- 
tioned ! 

During the same 100,000,000-year 
period there have been about 500 
(estimated) meteorites averaging 7,000 
pounds each on every square mile; and 
on each square mile a mass of 50 tons 
has arrived to blast a gigantic crater. 
During the same period, the entire sur- 
face of the moon has received about 142,- 
000 meteorites (estimated), averaging 
220 tons each and 71 (estimated) aver- 
aging 50,000 tons each. 

The Lunitb Mantle 

In view of the blasting action of high- 
speed bullets and their comparison with 
even the smallest meteorites, it is evi- 
dent that the mantle of finely-divided 
lunite cannot be thought of as being only 
a few centimeters in depth. The bom- 
bardment by meteorites of ten pounds in 
weight would pulverize the surface to a 
depth of many feet in comparatively 
short time, to say nothing of larger im- 
pacts, The explosion in and under the 
mantle would throw that material high, 
far and wide, because there would be no 
air resistance and but low gravity to 
interfere. Much of it would fall back 
into the pit and be melted along with 
portions of the sub-mantle to form the 
level floor which is such a prominent 
feature of these pits and which led some 
writers to refer to them as “ringed 
plains.” Many of the pits are marked 
by cones rising from the centers of their 
floors. These cones may have resulted 
from secondary volcanic action which for 
a time continued as a result of the intense 
heat generated at the point of contact 
with the solid sub-mantle. The rimmed 
pits are very variable in form as well as 
in size. Some have no level floor and 
have massive, buttressed walla. Others 
have expansive level floors and narrow, 
less elevated rims. The central cones are 
more prevalent in the former variety. 


These differences may be due to the types 
and differences in size of meteorites in- 
volved or to the velocities at which they 
were traveling. A nickle-iron meteorite 
might pass through the cindery mantle 
and to some extent penetrate the solid 
sub-mantle before exploding, which 
would tend to interfere with the lateral 
scattering and result in a higher and 
more massive wall. On the other hand, a 
very large stony meteorite would explode 
without any penetration of the sub- 
mantle and produce a very wide, shallow 
pit. Its large mass and subsequent heat 
would fuse all of the material which fell 
back into the pit and encroached upon 
the wall, producing a sizeable but shallow 
lake of lava. As a result of the melting 
a very great subsidence takes place so 
that the surface of the fusion pool will 
be greatly lowcTed, the amount depend- 
ing upon the size of the particles and 
the depth of the material involved. This 
fact makes very clear the reason why the 
lunar pits have floors which arc lower 
than the surrounding plain. All of the 
efforts to explain this depressed interior 
of the pits in terms of vulcanism have 
proved to be entirely unsatisfactory ; yet 
this is about their most distinctive 
feature. 

When a large metallic meteorite pene- 
trates the lunite mantle and explodes, it 
produces a deep pit in the sub-mantle. 
There are several reasons why a free- 
flowing volcanic action may be assumed 
to follow in the central part of the floor 
of such a pit : Here is the point of great- 
est heat concentration due to impact; 
the pool of melt is here several hundred 
or perhaps thousands of feet deeper than 
in other parts of the floor and conse- 
quently will be slow in cooling ; chemical 
action between meteoritic material and 
adjacent rocks is likely to develop, giving 
rise to ebullition; when other parts of 
the lake have frozen over the central area 
will continue to boil ; as this central area 
begins to freeze over ebullition will con- 



METEORITES AND THE MOON 


263 


tinue from below and the viscid lava will 
be spewed out and will build for itself a 
cone, which compared with those on 
the earth, will rise, because of the low 
gravity on the moon, to much greater 
heights and in much steeper cliffs. The 
craters, Archimedes, Autolycus and Plato 
are examples of tliosc with narrower rims 
and flat, coneless floors, while Copernicus, 
Eratosthenes and Aristillus have more 
massive buttressed walls, bowl-like floors, 
and central cones. In certain of the pits 
there appear, instead of cones, small 
central craters which seem to be of 
about the same age as the rims inclosing 
them. This condition may have been due 
to a much less protract ( hI volcanic action, 
more on the order of that which some- 
times produces an explosion crater on the 
earth where a lava flow covers an active 
vent, temporarily sealing it in, and where 
finally sufficient pressure is generated to 
cause it to explode. The same thing 
might happen under the fusion floor of a 
lunar pit where the conditions in the 
depths of the explosion cup were such 
that its heat was sufficient to cause one 
good explosion but produced no lava flow 
thereafter. These secondary explosion 
craters should be distinguished from im- 
pact craters of the ordinary type seen 
within the larger pits and which postdate 
the floor upon which they are superim- 
posed. These may appear in any part of 
the floor or rim of the larger primary 
crater. Clavius, for example, shows four 
fresh-looking, good-sized craters besides 
numerous small ones upon its floor and 
several upon its rim. All these are 
plainly more recent, however, than is 
Clavius itself. Many other similar in- 
stances could be cited. 

This brings us to the consideration of 
the rays which so conspicuously reveal 
themselves at the time of the full moon, 
when they are seen extending outward 
hundreds of miles from certain of the 
pits. They have been shown to have no 
considerable elevation. They seem to 


pass uninterruptedly over hills and val- 
leys, pits and rims, alike, some of them 
extending as far from their point of 
origin as 1,500 miles I They must either 
represent mineralogical peculiarities 
which reach deep into the satellite’s in- 
terior or must have been laid down in 
recent geologic time. Otherwise they 
would have been destroyed by meteoritic 
bombardment. 

Dr. L. J. Spencer has lately suggested 
an explanation of the rays which seems to 
deserve serious consideration.*' He pro- 
poses that, when large metallic meteorites 
exploded, the metallic vapors condensed 
into minute spherules such as he has 
found embedded in the fused silica col- 
lected around the Wabar, Arabia, and 
Henbury, Australia, craters. These 
sphei'ules, because there was no air re- 
sistance and very slight gravitational 
restraint, w^ere shot out to great dis- 
tances. There being no atmosphere, the 
bright metallic globules have remained 
bright and thus give the whitish effect 
of diffused light. He has called attention 
to the fact that ‘*the ratio of the number 
of craters showing bright rays and spots 
to those without these features is of the 
same order as the ratio of the numbers 
of irons and stones that reach the earth. ” 
1 wish to call attention also to the fact 
that those “craters'’ which give rise to 
the now-visible rays are all fresh-looking 
craters, indicating comparatively recent 
formation, while others of the same gen- 
eral form, but older, show no rays. Natu- 
rally, the rays may have been there but 
have been obliterated. We may note also 
that the rayed craters are all of the 
deeper, biittressed-wall type, as we have 
earlier pointed out and were probably 
produced by the metallic meteorites 
which penetrated to great depths. 

We come now to the consideration of 
the maria, those relatively smooth areas 
called “seas” by Galileo who first looked 
at the moon through a telescope. Here 

^Nature, 139 : 656 ^ 67 , 1837 . 
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have occurred the most phenomenal of all 
happenings in the history of our satellite. 
Great areas of lunite as large as the states 
of Kansas, Nebraska, and Colorado com- 
bined were melted down, according to the 
meteoritic theory, by the collisions of 
cometary swarms of meteorites. Ap- 
proximately half of the face of the moon 
which we see from the earth has under- 
gone this kind of ordeal. It is sur- 
prising that Professor Shaler, who re- 
jected the impact hypothesis as applied 
to ordinary lunar ‘‘craters,’’ accepted 
this explanation of the maria. Our ex- 
planation differs from his only in certain 
particulars.* Whereas he chooses to ac- 
count for the phenomena on the basis 
of an encounter with one body, of 
planetoidal proportions, in the case of 
each of the maria, I am strongly inclined 
to consider each mare as the result of a 
collision with a cometary swarm of 
smaller masses ; and whereas he con- 
siders it more probable that all of the 
maria were produced at the same time, I 
am very well convinced that they repre- 
sent differences in age. Had such a mare 
been produced by the impact of a single 
body, the mass would surely have pene- 
trated to such depth that we should find 
evidence of subsequent vulcanism. Huge 
lava cones certainly would have grown 
up in the centers of the fused areas and 
probably at many other points on their 
surfaces. Such phenomena are notably 
absent. At first, I sought to ascertain 
whether Copernicus and Kepler might 
represent this kind of process on the 
plain of Oceanus Procellarum, Not only 
do they fail to show the great elevation 
above the plain which this interpretation 
demands, but the ray system of Coperni- 
cus clearly spreads over much of the sur- 
face of Mare Imbrium, which is evidently 
of considerably more recent origin than 
Oceanus Procellarum. 

^ N. S. Slialer, Comparison of the Fea- 
tures of the Moon and Earth,** Smithsonian 
Contr. to Knowledge, pp. 1-130, 1904. 


Comets are rather abundant in the 
solar system. It has been fairly well 
established that their nuclei consist of 
swarms of meteorites. How large are the 
bodies that compose these swarms is not 
known, but we may assume that those of 
planetoidal dimensions are rare. Let us 
suppose that a swarm of meteorites a few 
hundred miles in diameter is composed 
of various-sized masses up to fifty or one 
hundred million tons, the total weight of 
the swarm running into billions of tons. 
Collision with such a swarm would in- 
volve no deeper penetration than would 
the impacts of solitary masses such as 
formed the larger “craters,” but the 
fusional action of the various units 
would coalesce into one great lake. 

Cometary encounters, such as may pos- 
sibly have caused the maria, may well be 
considered as having been responsible on 
the earth for the puzzling succession of 
geological revolutions which mark the 
principal time divisions in historic geol- 
ogy. 

In our discussion we assume an atmos- 
phereless moon. We are aware that some 
students believe that the moon has a 
tenuous atmosphere comparable to that 
which exists at elevations of forty to 
fifty miles above the earth’s surface. 
There seems to be a fair way to settle 
this question. The majority of our 
naked-eye meteors are at such heights 
and greater. This fact means that if 
such an atmosphere were present on the 
moon, comparable to that surrounding 
the earth, invading particles would en- 
counter the same resistance as they do at 
similar elevations above the earth. 
Therefore meteors should be as bright 
and numerous as they arc here in our 
atmosphere. We view our meteors from 
an average distance of about 100 miles. 
This is well above the observational 
optical distance at which the moon is 
ordinarily studied through the largest 
modern telescopes. Then, surely, the 
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dark portion of the moon’s disk should 
be an excellent field for observing mete- 
ors, if there is a lunar atmosphere. 
Naked-eye meteors are blazing through 
our atmosphere at the rate of a million 
per hour ; hence the moon should have a 
rain of about 70,000 per hour. These 
should surely present a beautiful display 
for the telescopic observer, far better in 
fact, than do ours here in our own atmos- 
phere because we are better situated for 
seeing a large area at one time. Hazi- 
ness due to angular penetration of our 
atmosphere does not bother at all in our 
vision of the moon. We can choose a time 
which allows vertical penetration of our 
own, and if the moon has an atmosphere, 
we are viewing it from the outside. Con- 
sequently, if any meteorites are being 
consumed there, we should be able to see 
the resulting light more clearly than we 
do any but the brighter of terrestrial 
meteors 1 

On the other hand, striking the mantle 
of lunite as their first resistant medium, 
even though they doubtless do give forth 
a flash, it could appear as only an in- 
stantaneous spark to the observer at the 
telescope, because they are Immediately 
buried under opaque lunite. Even at 
the instant of the flash, only large meteor- 
ites would produce flashes bright enough 
to bo visible from the earth. Falls might 
be detected if one were fortunate enough 
to be looking at the moon at the right 
moment, but it is probable that craters 
of a mile or more in diameter have been 
formed not oftener on the average than 
once in a thousand years on the entire 
moon. 

In view of the shielding effects of our 
planet and the absence of any atmosphere 
pyrotechnically to herald the arrival of 
meteorites on the moon before they actu- 
ally plunge into the lunite, we may not 
look forward with much expectation to 
witnessing any change on the surface of 
our satellite. However, it is not im- 
possible that we may do so, and every 


effort should be made in the direction of 
the most painstaking scrutiny and the 
most careful comparison of lunar photo- 
graphs taken at different dates. The 
earth acts as a shield against all mete- 
orites whose courses lead them to pass 
within somewhat more than 200.000 miles 
of this planet, so that in our time while 
the moon exhibits no rotation relative to 
the earth, the majority of its encounters 
with meteorites are entirely out of our 
range of vision. 

Other Lunar Features 

Without attempting to deal with all 
problems of lunar topography, there are 
yet some which should be considered. A 
few (less than one per cent.) of the 
‘^craters” have floors which lie above the 
level f>f the plain outside their rims and 
one, a rather large one, in particular 
exhibits no rim at all but appears as a 
plateau with steep sides and level sum- 
mit, as if an ordinary, large, rimmed pit 
had been filled to the brim with molten 
material and then cooled in place. This, 
indeed, is what probably happened. Let 
us assume that a mare plain had been 
formed and had not yet thoroughly 
cooled. Its surface had frozen over to a 
considerable depth, but a large body of 
molten lunite was sealed within it. At 
such a stage the mare would be in a 
shrinking condition. Into this frozen- 
over lake of lava a large meteorite fell. 
The crust was penetrated, the usual rim 
was thrown up, but instead of the pit 
remaining empty it was filled by the well- 
ing up of viscid lava due to the pressure 
of the subsiding plain. Such features are 
scarce for the rra ^m that large mete- 
orites have fallen so infrequently that 
they have seldom arrived when exactly 
the proper conditions existed to produce 
them. 

Much more common features are the 
small mounds on otherwise level sur- 
faces of the maria. These may be a mile 
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or more in height and twice as wide. 
They have been termed laccoliths by 
some writers, but a true laccolith would 
presuppose that the conditions requisite 
for vulcanism existed at the time of its 
formation. Since the time when true 
vulcanism may be reasonably assumed 
to have existed, the meteoritic bombard- 
ment must have obliterated all such fea- 
tures. They may very well have been 
formed by meteorites perforating the 
crust of a lava lake at an earlier stage 
when its crust was not so thick and when 
the lava was more fluid, with the result 
that a small mound was formed by ex- 
trusion, concealing any rim that may 
have been produced by the meteorite’s 
penetration. 

Other mounds show funnel-like open- 
ings in their summits as though a bubble 
in viscid matter had started to collapse. 
Still others seem to have fully collapsed. 
These are what might be expected where 
foreign materials are being intruded, 


from without, into the lunite. Mete- 
orites carry considerable amounts of 
chemcially active ingredients. Naturally 
there will be developed certain chemical 
activity accompanying the heat of im- 
pact. Ebullition will result. Some of 
the gasses escape, but in some cases 
pockets or bubbles will form and these 
may become frozen at any stage on their 
way to escape at the surface. 

The rills and deep gorges which are 
quite numerous on the moon present 
something of a problem. Many of the 
straight, furrow-like structures may be 
the result of meteoritic encounters in an 
almost horizontal plane. Others are 
probably the results of faulting which 
must of necessity have accompanied the 
gigantic collisions represented by the 
larger pits and the maria. They must 
have been produced contemporaneously 
with the production of other conspicuous 
lunar features. Otherwise they could 
not have survived. 


WHAT IS KNOWLEDGE? 

By Dr. ARCHIE J. BAHM 

DEPARTMENT OP PHirX)SOPIIY AND SOCIOLOGY, TEXAS TECHNOLOGICAL COLLEGE 


Common sense tells us that the table in 
our room is colored and solid, has size and 
shape, is heavy and endures. It exists 
where it is without depending upon us 
for its existence. If we left the room 
and came back later, it would still be 
there and would have been there all the 
time, unless, of course, somebody or 
something had moved it. Our looking at 
it does not affect it, does not change its 
nature, does not modify it in the least. 
Its color, size and shape are really just as 
we see them. We could feel its weight if 
we lifted it. Many of us can look at it 
and all see the same thing. These state- 
ments may seem so obvious that it is 
foolish even to mention them. If one 


claims they are untrue, he may be con- 
sidered mentally unsound. Yet, common 
sense itself leads us to question them and 
eventually to deny many of them. 

Naive Realism 

In order to identify the views more or 
less commonly held by unreflective peo- 
ple, episteraologists have coined the term 
“naive realism.” The naive realist is a 
“straw man” set up to represent us in 
our unreflective moments. This straw 
man is not quite like any of us, for most 
of us have reflected somewhat. Thus 
naive realism must be, paradoxically, a 
reflective statement of an unreflective 
view. It may be summarized as follows : 
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(1) Objects are independent of their 
being known. They can endure or con- 
tinue to exist without being experienced 
by any one. 

(2) Objects have qualities (properties, 
characterivstics, attributes) which are 
parts of the objects. 

(3) Objects, including their qualities, 
are not affected merely by their being 
known. They are neither made nor 
changed merely by our knowing them. 

(4) Objects seem as they are and are 
as they seem. Appearances are realities. 

(5) Objects are known directly, Lc.y 
they are in experience. There is nothing 
between them and our knowledge of 
them. 

(6) Objeetjs are public, i.e., they can 
be known by more than one person. 
Two or more people can see the same 
object. 

Criticisms op Naive REAnrsM 

Trouble arises for the naive realist 
when attention is called to the fact that 
statements 1 and 5 are incompatible. 
Objects are independent of experience 
and yet arc in experience. One’s experi- 
ence, knowledge, ideas, are located within 
one’s head. But objects are located out- 
side of one’s head. How can objects 
which arc outside of one’s head be in ex- 
perience which is inside of one’s head? 
Trouble arises for the naive realist also 
when he faces the fact of error. When 
errors are called to attention, we recog- 
nize them and are happy that we have 
now arrived at the truth. But if asked 
what assurance there is that the new view 
is true, we reply that it seems true. But 
this is the same assurance that we had 
of the error before it seemed to be an 
error. Trouble arises for the naive 
realist in modern times because so much 
reflection by others has taken place. He 
is constantly confronted with evidence 
that the qualities which objects have are 
conditioned by various factors affecting 
different people differently and the same 


person differently at different times. In 
a world of science, the naive realist has a 
hard time retaining his naivet6. 

Criticisms of naive realism may be 
classified for convenience under four 
headings. 

(1) It fails to account satisfactorily 
for error. If things are as they seem and 
seem as they are, then whatever seems 
to be so is so. Such a view makes error 
theoretically impossible, for an error is 
something which seems to be so but isn’t 
so. Recall the common experience of 
seeing a stick partially submerged in 
water. Upon first sight the stick appears 
bent or broken. If naive realism is taken 
at its face value, then if the stick seems 
bent it is bent. If the stick is pulled out 
of the water, it is seen to be straight. 
Does the stick bend as it goes into the 
water? Previous experience with sticks 
and water usually suggests “No.” But 
the stick appears to bend as it goes into 
the water. What, then, can be done to 
determine whether the stick is really bent 
or really straight? For the moment it 
seems both bent and straight. Since it 
can not be both, one of the two appear- 
ances must be erroneous. The next step 
commonly taken is to run one’s hand 
along the stick down into the water. To 
the hand the stick seems straight, even 
though to the eye it seems bent. The 
stick is really straight. He dismisses the 
bent appearance as an error or illusion, 
and drops the matter. But what are illu- 
sions? They are objects which are not 
as they seem. If some objects are not as 
they seem, then it is false that all objects 
are as they seem. If some objects are not 
as they seem, what makes seeming some- 
times “so” and sometimes “not so,” and 
how often is seeming “so” and how often 
“not so”? 

Examples of error trouble the naive 
realist, but they trouble him little. He 
goes from conviction to new conviction, 
confident in the reliability of his newest 
view. When pressed with the query, 
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“But how can you tell that your new 
conviction is more reliable than the one 
given up as erroneous he often an- 
swers, “Well, I just know.“ Or, if you 
get him in a corner and prod him for an 
explanation, live kinds of replies eventu- 
ally come out ; (a) He appeals to his other 
senses for corroboration, (b) He com- 
pares with past experiences, (c) He re- 
peats the experiment. (d) He invokes the 
testimony of others, (e) He appeals to 
instruments. 

(a) If appearances derived through one 
sensory channel appear contradictory, 
it is natural to appeal to other senses for 
corroboration. If a dull ring indicates 
that the china is cracked, one naturally 
feels with his finger and looks to sec. But 
sometimes different senses contradict 
each other and sometimes different senses 
corroborate in error. Wlien senses con- 
tradict each other, which shall be ac- 
cepted as reliable f The half-submerged 
stick looks as if bent, but feels straight. 
The distant carpenter’s hammer stroke 
is seen to stop but heard to continue. 
When senses corroborate in error, one is 
still more baffled. Who has not had the 
experience, in a railway terminal, of 
having tin* train start moving ? First he 
feels the rumble of the wheels over the 
tracks, and hears the movement of the 
wheels under him, and looks out to check 
to see if he is at last moving. Then he is 
shocked to find that not his but the next 
train is moving. 

(b) Comparison of present paradoxes 
with past experiences involves greater 
possibilities of error and greater para- 
doxes. For past experiences, to be com- 
pared, must be remembered. But mem- 
ory often has failed us. How can we be 
sure that it is not failing us again? And 
the past experiences themselves might 
have been erroneous. Can the possibility 
of erroneous recollection, added to the 
possibility of erroneous past experience, 
be used to deny evidence present at 
hand ? Perhaps, however, recollection of 


experiences repeated in the past many 
times may be considered more reliable 
than a single present experience. Yet ex- 
periences in the past may have been 
consistently erroneous. 

(c) Doubts sometimes lead to experi- 
mentation. Is the bent stick really 
straight? The naive realist pulls it out 
and puts it back in several times and feels 
of it several times to prove that it is 
really straight. But how can he discount 
the fact that it also appears bent re- 
peatedly? Also, if past experiences can 
have been consistently in error, why not 
present and future experiences? 

(d) When doubts about one’s beliefs 
become serious, it is natural to consult 
others. “Does this stick look bent to 
you? Feel of it and see if it isn’t 
straight.” Gregarious naive realists de- 
rive much satisfaction from social cor- 
roboration, but they fail to recognize two 
things. First, their perception of other 
people as objects which may be con- 
sulted is also liable to error. Most of us 
have mistaken manikins, mirror images 
and movie motions for real men. Or in 
dreams we have consulted our friends 
and gained their agreement. What test 
is there that there are real people to 
consult? Secondly, even if we consult 
real people, are they not subject to the 
same errors as we ? Can not people be in 
agreement and yet be in error? For 
centuries people agreed that the earth 
was flat. If others share our error, wdiat 
can we profit by consulting them for 
proof ? 

(e) The last resort of the naive realist 
is an appeal to instruments. Heat is 
measured by thermometers. Weight of 
purchases is measured on scales. The 
color of blood is revealed under a micro- 
scope. But the appeal to instruments, 
like the other appeals, is a confession of 
failure. For it is a confession that ap- 
parently obvious objects are not self- 
evident. And an appeal to instruments 
is an appeal to reflection. To the extent 
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that men are reflective they cease to be 
naive. 

Before we let the naive realist out of 
his corner, let us ask him one more ques- 
tion : ‘‘How can you tell that you are not 
dreaming?’’ He naturally replies, “I 
can pinch myself to see if I am awake.” 
“But can you not dream of pinching 
yourself and convincing yourself that 
you are awake?” “Yes, but I can ask 
others if I am awake, and can walk and 
run and read.” “But can you not 
dream of doing these also?” He is 
forced to admit, “Yes,” but persists in 
discovering additional suggestions, in- 
cluding that of waking up. But people 
sometimes dream of waking up and 
dream of waking up their friends to co- 
operatively settle their dreaming doubts. 
If there is nothing in one’s waking mo- 
ments about which one can not dream, 
and if dreams seem real, then what as- 
surance has one that he is not now dream- 
ing? If he has none, then in how far is 
he justified in maintaining the truth of 
his beliefs any more than a dreamer has? 
IIow can he toll when he is in error? 

(2) It fails to take into accovnt the 
exira-organic and intra-organir. condi- 
tions of knowing. Some scientists de- 
scribe the human body as an organism 
and distinguish for convenience between 
extra-organic and intra-organic factors, 
t.c., factors outside the body and factors 
inside the body. If many factors be- 
tween the thing causing the idea and the 
idea itself atfect the idea, then the idea 
may be different from what it would be 
if it were influenced by the thing alone. 
Let us consider a few such factors. 

Extra-organic conditions of visual per- 
ception include light sources, pigments, 
atmospheric conditions, glasses. Light 
sources are of many sorts, and what one 
sees may be stimulated by a single source 
or many sources, by light of a single fre- 
quency or of mixed frequencies, by light 
of a single intensity or of many intensi- 
ties, shining from one angle or from 


many angles. All these make a differ- 
ence. Some pigments absorb all rays, 
others none, others some. Atmospheric 
conditions affect visibility, exemplified 
by fog, snow, dust, rain and heat waves. 
Glasses, telescopes, microscopes, their ac- 
curacy, their adjustment, their color, all 
affect perception. Does the real nature 
of things change as these intervene ? 
Furthermore, the distance which light 
waves travel is a factor which naive 
realists neglect. If light travels at a 
rate of 186,000 miles per second, some 
fraction of a second is required for trans- 
mission from table to eye. So wc “see” 
the table, not as it is when the light wave 
reaches the eye, but as it was when the 
light wave left the table. Such fraction 
of a second seems so insignificant in the 
total reaction involved in perception that 
it may be ignored for practical purposes. 
When distances become great, however, 
the significance changes. Astronomers 
astound naive realists with assertions 
that stars which seem to be up there have 
long since ceased to be there. 

Visual perception is conditioned intra- 
organically by the complicated nature of 
ey(»s. Before a colored table can be per- 
ceived, light waves reflected from the 
table’s surface must travel through some 
medium to the surface of the eye, pene- 
trate the skin, travel through the aqueous 
humor, the lens, the vitreous humor, to 
the retina and its rods, which react to 
variations in light intensities, and its 
cones, which react to variations in wave 
frequencies. These cells behave like little 
chemical batteries or photoelectric cells. 
When stimulated by light they generate 
electric currents or nervous impulses 
which are sent thvough neurones to the 
brain. Somehow the brain functions in 
such a way as to produce attention to, and 
consciousness of, the object being ex- 
perienced. 

How can color, which the naive realist 
supposed the table to have, travel on light 
waves which arc merely high-frequency 
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vibrations, penetrate skin, liquid and 
lens, then undergo chemical transforma- 
tion, travel through neurones as electrical 
impulses, enter conscious experience un- 
changed ? 

How can shape, which the naive realist 
supposes the table to have, be transmitted 
into conscious experience? Rays travel- 
ing simultaneously reach different parts 
of the curved cornea at slightly different 
times, travel through a mobile doubly- 
concaved lens, reach the curved rear 
inner surface of the eyeball only after 
being inverted. Then the rays stimulate 
chemical reactions in the rods and cones ; 
but these may react at slightly different 
rates, if they are variously fatigued, or 
some may not react at all. What happens 
to the supposed shape of the table during 
these chemical reactions ? Then nervous 
impulses are set up traveling through the 
optic neurones of different lengths, which 
twist maze-like on their way to and in the 
brain. Since we see with two eyes, we 
really get two sets of patterns of rays. 
Impulses through the optic nerve split 
in such a way that those coming from the 
right half of each eye terminate in the 
leh rear lobe of the brain and those from 
the left half of each eye in the right lobe 
of the brain. These lobes seem to be 
separated from each other by a longitudi- 
nal fissure. How can the supposed shape 
of the table stand such distortion, trans- 
formation, duplication and separation 
without affecting its appearance ! 

How can size, which the naive realist 
supposes the table to have, be transmitted 
into conscious experience ? The table-top 
is three by five feet But that size can 
not really be contained within a head 
wearing a size seven hat. Size too must 
be transmitted through a tiny hole called 
the pupil and meander through twisting 
brain-paths. Not size but, at best, rela- 
tive size can be perceived. 

(3) It fails to take into account differ- 
ences in public knowing. To the previ- 
ously mentioned extra-organic and intra- 


organic conditions we may add some 
which emphasize differences between peo- 
ple. Naive realists believe that two or 
more persons can see an object at the 
same time and all see it as it is. Thus all 
these people can have exactly the same 
experience. But disputes about objects 
illustrate differences in experiences. 
Also, scientific tests have been devised 
to demonstrate these differences, as for 
example through colorblind tests and the 
anomaloscope. The anomaloscope is a 
system of prisms and lenses mounted in 
a tube such that one can see through an 
eyepiece two halves of a lighted circular 
field, the color and intensity of which are 
controlled by screw-adjusted slits per- 
mitting monochromatic yellow light (589 
millimicrons) to reflect from one half and 
a mixture of monochromatic green light 
(586 mm) and monochromatic red light 
(670 mm) in any proportion to reflect 
from the other half. Tests show that 
when one person has adjusted the ano- 
maloscope so that both halves of the 
visual field appear equal in color and in- 
tensity, another person who looks will 
object that they appear different and will 
require readjustment to make the halves 
appear ecpial. Thus is demonstrated re- 
ported differences in experience when 
extra-organic conditions of stimulation 
remain constant. Thus obviously differ- 
ent people may not see the same object 
as it is, but experience different objects 
when confronted by the same stimulus 
source. 

(4) It fails to take into account the 
^^constructed character*^ of knowing. 
The term “constructed character of 
knowing may be used to name the syn- 
thesizing process that goes on in the brain 
before experiences are produced. The 
various nervous impulses do not appear 
in consciousness to be consciously as- 
sembled or constructed into an object. 
Objects appear in consciousness as 
1 Roy Wood Sollara, ‘ * Principles and Problems 
of Philosophy, * ' p. 62. 
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wholes. They enter experience already 
made. Some unconscious or subconscious 
process determines our conscious experi- 
ences for us, even though we can never 
become aware of it. The mystery of 
consciousness may never be explained 
satisfactorily, but it is obvious to those 
who reflect that something happens 
within us to make us see things the way 
we do. This something must be taken 
into account in explaining the nature of 
knowledge. 

Perhaps the most startling construc- 
tion is that of consciousness itself. Con- 
sciousness seems to be continuous, at least 
from waking in the morning until going 
to sleep at night. But psychologists now- 
adays are inclined to think that con- 
sciousness is not a continuum but a series 
of pulsations, each lasting some fraction 
of a second. The relative durations of 
periods of impulses to the durations of 
periods between impulses vary from 
person to person and from time to time. 
Measurement of the length of those pul- 
sating periods of consciousness is difficult 
and must be done by indirect means. 
Pulsations of consciousness sometimes 
correspond to eye-jerks, which pass un- 
noticed by most readers. One sees the 
line of printed words he is reading as a 
continuous line, but if he observes an- 
other reader’s eyes he will note that eyes 
do not move continuously but stop, flick, 
stop and flick. If consciousness is a 
series of impulses, why do we seem to be 
conscious continuously? In order to be 
conscious of the period between moments 
of consciousness we would have to be 
conscious when we are not conscious. 
This is impossible. We can experience 
neither the period between, nor the end- 
ing, nor the beginning of a flash of con- 
sciousness. In order to experience the 
end of a flash, we should have to be con- 
scious long enough to include the end 
within consciousness, which again is im- 
possible. In order to experience the be- 
ginning of a flash of consciousness, we 


should have to be conscious already and 
to include the beginning of the flash of 
consciousness within consciousness. Thus 
the illusion of continuity of consciousness 
is a basic illusion without which experi- 
ence could not be. The naive realist can 
not believe this. 

Another basic construction is the con- 
struction of ‘‘objects.’^ Objects seem to 
be '‘out there,’’ even though they are not 
really out there as experienced. One may 
try the experiment of looking at his own 
hand, which he usually considers a part 
of himself. His hand seems to be out 
there. Try again to look at the tip of his 
nose. It too seems out there. Try again, 
with eyes closed, to imagine his own 
brain. If he can imagine it, the image of 
it too seems to be out there, not as if in 
the room before him, but still as an object 
out there in experience. 

Taking leave of naive realism, we may 
summarize the types of criticism offered. 
It fails to account satisfactorily for error. 
It fails to take account of the extra-or- 
ganic and iutra-organic conditions of 
knowing. It fails to take into account 
differences in public knowing. It fails 
to take into account the constructed 
character of knowing. If these criticisms 
arc warranted, then naive realism is un- 
tenable. The naive realist is baffled by 
them. But the natural urge to believe 
that things are as they seem is so strong 
that in practice he is little troubled by 
them. 

Scientific Rfalism 

If naive realism is untenable, then 
what view shall one hold ? Skipping over 
many steps which one would normally 
take in the gradual process of reflection 
and many steps which have been taken 
historically in the development of reflec- 
tive thought, we may summarize a view 
called “scientific realism.” Like the 
naive realist, the scientific realist is also 
a straw man set up to represent the point 
of view which “the” scientist would hold 
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if all the assumptions and conclusions of 
the dilferent sciences were synthesized 
into a single view of the nature of know- 
ing. Comparing scientific realism with 
naive realism (see p. 1), we may sum- 
marize comparable essentials as follows. 
Basic throughout is a distinction between 
what we shall call real ‘‘things’’ and ap- 
parent or experienced “objects.” 

(1) “Objects” are dependent upon 
their being known ; they can not endure 
without being experienced. “Things” 
are independent of their being known; 
they can endure without being experi- 
enced. 

(2) “Objects ’’have qualities (proper- 
ties, characteristics, attributes) which are 
parts of the “objects” (but not parts of 
“things”). “Things” have qualities 
(properties, characteristics, attributes) 
which are parts of the “things” (but not 
parts of “objects”). 

(3) “Objects” (including their quali- 
ties) are affected by, are dependent for 
their existence upon, are determined in 
their nature by, their being known. 
“Things” (including their qualities) are 
not affected merely by their being known. 

(4) “Objects” seem to be real 
“things” but are not real “things.” 
“Things” are not as they seem to be. 
Appearances are not realities and reali- 
ties are not appearances. 

(5) “Objects” are known directly; 
they are in experience. “Things” are 
known indirectly ; they are not in experi- 
ence; they are known only through “ob- 
jects” which “represent” them, and 
which arc caused by them and by other 
extra-organic and intra-orgauic condi- 
tions which happen to operate conjointly 
with them. 

(6) “Objects” are private, i.e., can 
not be known by more than one person. 
“Things” are public, i.e., may be the 
cause of “objects” in more than one 
person. 

Criticisms of Scientific Realism 

Satisfactory as this view may seem to 


scientists, there are certain criticisms 
which should be considered. 

(1) Scientists also depend upon senses 
for information. Like naive realists, 
scientific realists also get their experi- 
ences only through sensory channels. 
The scientist still seems to see the half- 
submerged stick as bent or broken. Each 
of his types of perception is equally liable 
to error. Thus scientific conclusions, in 
so far as their reliability depends upon 
the reliability of perception, are subject 
to the same criticisms as naive realism. 

Price’s way of putting this criticism 
is worth repeating. 

Every man entertains a great number of be- 
liefs concerning material things, e.g,, that there 
is a square- topped table in this room, that the 
earth is a spheroid, that water is composed of 
hydrogen and oxygtm. It is plain that all these 
beliefs are based upon sight and on touch (from 
which organic sensation can not be separated) : 
based on them in the sense that if we had not 
had certain particular experiences of seeing and 
touching, it would be neither possible nor reason- 
able to entertain these beliefs. Beliefs about 
imporceptiblcs such as molecules or electrons 
or x-rays are no exception to this. Only they are 
based not directly on sight and touch, but indi- 
rectly. Their direct basis consists of certain 
other beliefs concerning scientific instruments, 
photographic plates, and the like. Thus, over 
and above any intrinsic uncertainty that they 
themselves may have, whatever uncertainty at- 
taches to these more basic beliefs is communi- 
cated to them. It follows that in any attempt 
either to analyze or to justify our beliefs con- 
cerning material tilings, the primary task is 
to consider beliefs concerning perceptible or 
“macroscopic'^ objects such as chairs and 
tables, cats and rocks. It follows, too, that no 
theory concerning “microscopic" objects can 
possibly be used to throw doubt upon our be- 
liefs concerning chairs or cats or rocks, so long 
as these are based directly upon sight and touch. 
Empirical science can never be more trustworthy 
than perception, upon which it is based; and it 
can hardly fail to be less so, since among its 
non-pcrceptual premises there can hardly fail to 
be some which are neither self-evident nor dem- 
onstrable. Thus the not uncommon view that the 
world which we perceive is an illusion and only 
the “scientific" world of protons and electrons 
is real, is based upon a gross fallacy, and would 
destroy the very premises upon which science 
itself depends.^ 

2 H. n. Price, * * Perception, " p. 1. 
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(2) Scientific concepts are human con- 
struct s. While scientific realism at- 
tempts to take into account the fact that 
knowing involves some mysterious sub- 
conscious synthesis, nevertheless it can 
not prevent its own concepts from being 
thus mysteriously synthesized or con- 
structed. Every scientific idea is a hu- 
man idea, is an idea limited by the pecu- 
liar limitations inherent in the mind or 
minds of those who entertain it. Some 
scientists who are especially self -critical 
cease to be scientific realists. This criti- 
cal attitude is exemplified by P. W. 
Bridgman’s “The Logic of Modern Sci- 
ence.” The laws of physics, like all sci- 
entific laws, are merely “operational 
ideas” which serve to explain in what 
way, though not why, events occur in ex- 
perience. In how far regular occurrences 
represent real events outside of experi- 
ence is not the business of science to say. 
Such a view seems to scientific realists as 
a thin pale shadow of science, not one 
which gives us the knowledge of reality 
that scientists believe they are looking 
for. Yet, if scientists believe they can 
penetrate reality, can they explain how 
they can do it with ideas which are sub- 
consciously constructed and wdiieh have 
their momentary existences locked up 
within flashes of pulsating consciousness? 

(3) Scientists still have no better tests 
th 071 dreamers. This charge at first 
shocks scientists as absurd. But, for 
every test that a scientist proposes for his 
being aw^ake or for the reliability of his 
conclusions, one may ask, “Is it impos- 
sible for him to dream that this is so?” 
Surely he must answer “No” and 
thereby admit the impossibility of prov- 
ing his position any better than a 
dreamer might. 

(4) ScieJitific realists unwittingly 
claim impossible transcendence. Admit- 


ting that “objects” are private, scientific 
realists themselves fall into the egocentric 
predicament. Only private “objects” 
are experiencible. How then is it possi- 
ble to know either that there is an unex- 
perienced real world or what it is like? 
When scientific realists claim that they 
know that there are public “things” and 
that they are electrons, atoms, molecules, 
etc., they claim to know the existence of 
and, within limits, the nature of unex- 
perieneible things. How can knowledge 
which is locked up, so to speak, within 
moments of conscious experience tran- 
scend those moments and reach out, so 
to speak, into the unreachable real world 
to know it? Knowledge of reality seems 
to presuppose experience of the uncx- 
periencible. To be real is to be inde- 
pendent of experience, so inherent in 
scientific realism is the necessity of ex- 
periencing what, by the very nature of 
experience, can not be experienced. 

(5) Scientists still fail to explain why 
^^ohjects^^ appear as if they were 
**thi7igs.^^ The mystery of why appear- 
ances seem real remains a mystery to the 
end. The scientific realist is beset with a 
belief in the reality of the objects he talks 
about. Even though he is constantly 
critical, can he ever conceive a real atom 
without conceiving it as real? Why, if 
one’s conceptions continue to be within 
him, does he conceive objects as if they 
were really “out there”? 

No attempt has been made in this arti- 
cle to give any final answer to the ques- 
tion, “What is knowledge?” Two types 
of answers have been presented and criti- 
cized. It is hoped that the reader has 
been aroused sufficiently to investigate 
other types of an ,wers such as rational- 
ism, idealism, scepticism, agnosticism, 
critical realism, neo-realism, pragma- 
tism, positivism or the author’s proposed 
“tentative realism.” 



RESPONSES IN AN ASSOCIATION TEST 


By the Late Dr. RUDOLF PINTNER 

rORMKULY PROFESSOR OP EDUCATIONAL PSYCHOLOGY, TEACHERS COLLEGE, COLUMBIA UNIVEBSITY 


The association test in psychology con- 
sists of the presentation of a stimulus 
word which elicits another word as a re- 
sponse from the subject. It is probably 
one of the very oldest of psychologist’s 
tests. It has been used in abnormal, 
criminal, educational and business i^sy- 
chology in many ways. 

In 1933 this writer reported in this 
journal^ the responses of students to the 
stimulus, ‘‘Think of the name of a presi- 
dent of the United States.” This was 
one item in a written group association 
test given annually to groups of students, 
beginning in 1925. This test has been 
continued, and we now have results from 
1925 to 1941 for 6,071 individuals. 


TAIU.E 1 

KIS8PON8EH TO THE STIMULUS “THINK OF THE NAME 
OF A l*UKNll»EN1 OF TUB UNITED STATES” 


lU'Hpoiute 

Number 

Pec Cent. 

W'^ashlngton . . . 
lloohPvHt 

1,343 

22.1 

1,288 

21.2 

Lincoln 

856 

14,1 

WllMon 

820 

13.6 

Hoover 

638 

8.9 

('oolid^p 

429 

7.1 

Harding 

(irant 

170 

2.9 

96 

1.6 

JefferHon 

00 

1.6 

Adams 

73 

1.2 

McKinley 

69 

1.1 

Taft 

63 

0.9 

Cleveland 

60 

0.8 

Garfield 

16 

0.7 

Jackson 

40 

0.7 

Monroe 

27 

0.4 

Madison 

16 

0.3 

Harrison 

12 

0.2 

Joliiisoii 

8 

0,1 

Hamilton 

6 

0.08 

Hayes 

6 

0.08 

Polk 

6 

0.08 

Van Buren . . . 

6 

0.08 

Buchanan 

4 

0.07 

Taylor 

4 

0.07 

Arthur 

3 

0,06 

Pierce 

.3 

0.06 

Tyler 

Fillmore 

3 

0.06 

2 

0.03 

Franklin 

1 

0.02 

Lee 

1 

0.02 

No Responne . . 

2 

0.03 

Total 

6,071 

100.01 


I R. Pintner, Scientific Monthly, 36 : 523- 
526, June, 1933. 


The main conclusions in our previous 
article seem to be borne out by the data 
accumulated since it was written, and 
some of the suggestions offered then have 
been strengthened, as we shall see. 

Table I shows all the responses made by 
the 6,071 individuals. Practically all 
these were college students, with the ex- 
ception of 385 W.P.A. workers tested in 
1937, most of whom had no college edu- 
cation. The list in Table I includes all 
the presidents of the United States, and 
in addition three famous men who have 
not been president: namely, Hamilton, 
Franklin and Ijee. The two latter have 
been mentioned only once each, but Ham- 
ilton is named more frequently than sev- 
eral actual presidents. In this test it is 
not possible to distinguish between two 
presidents having the same family name, 
as in the ease of the two Roosevelts, the 
two Adamses and the two Harrisons. 

The whole list falls into three divisions. 
At the top we have the first four most 
frequently mentioned, accounting to- 
gether for 70.9 per cent, of the responses. 
Then we have three presidents very re- 
cently in office, two of them actually in 
office during some of the years this test 
was given. These three responses ac- 
count for 18.9 per cent, of the total. 
Down to this point, therefore, the first 
seven responses are responsible for 89.8 
per cent, of all responses. After these we 
have the long list of other responses, no 
one of which amounts to more than 1.6 
per cent. This long list of “also rans’’ 
accounts altogether for only 10.2 per 
cent, of the total responses. 

Three main factors seem to me to be at 
work in explanation of the most common 
responses, that is, the first seven names 
on our list. One factor is that which 
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causes the great majority of the common 
responses in all our association tests; 
namely, the habits formed in hearing, 
reading, speaking and writing. One 
word is linked to another because of these 
habits.® This is very likely the main fac- 
tor at work in the responses “Washing- 
ton^' and “Lincoln." These two names 
have been linked to “president of the 
United States" on countless occasions, 
and they emerge promptly at the given 
stimulus. 

Another factor at work is recency. 
Although by no means as strong as the 
preceding factor, it explains some re- 
sponses in all association tests. If we 
have just been reading the life of Henry 
VI IT of England, we may write the word 
“II(wy" to the stimulus word “king" 
in an association test, although the most 
common response by force of habit to this 
stimulus word is “queen" (50.1 per cent, 
of all responses in my test) . With refer- 
ence to our presidents, this factor of 
recency is potent in the responses 
“Hoover," “Coolidge." “Harding" and 
to some extent “ Koosevelt. " Three of 
these individuals have been in office dur- 
ing the time the test was being given, 
and one, Harding, just previous to that 
time. Recency is also very probablj’^ one 
of the factors at work in the response 
“Wilson," but another more i)otent fac- 
tor, to be discussed presently, is also at 
work. The effect of recencjy can be seen 
most clearly in the responses “Hoover" 
and “Coolidge." Here are the average 
annual percentages for the years in 
office and for the succeeding four-year 
periods : 

2 E. L. Thorndike, Jour, Applied Psychol., 16: 
247-253, 1932. 



1925-28 

1929-32 

1933-36 

1937-40 

Coolidge 

16.5 

5.2 

3.2 

1.5 

Hoover 


21.2 

8.4 

4.7 

Roosevelt 

4.6 

3.4 

38.3 

48.0 

n 

1,654 

1,866 

630 

1,669 


The response “Roosevelt" is compli- 
cated. As we can see from the above, 
a small percentage of the responses re- 
fers to Theodore Roosevelt. The sudden 
increase in percentage during the incum- 
bency of Franklin D. Roosevelt is due 
to a combination of recency and another 
factor. 

This brings us to the consideration of 
the third main factor. This is the feeling 
tone or emotional aura surrounding a 
given stimulus. For example, if one 
feels keenly about the danger of drink- 
ing alcoholic beverages, the response to 
the stimulus word “whiskey" may be in- 
fluenced by this emotional setting. In 
my ex})eriment about 1.6 per cent, of the 
responses seem overtly to indicate a 
strong feeling against whiskey. Such 
responses are “bad," “harmful," 
“poison" and the like. Not all strong 
emotional tone issues in such overt re- 
sponses, so that it is impossible to mea- 
sure it with any degree of accuracy. 
Ordinarily this factor of emotional tone 
is the weakest of the three influences we 
have described. 

The influence of this factor upon two 
of the responses to “president of the 
United States" seems to me to be nicely 
demonstrated in the responses “Wilson" 
and “Roosevelt" during the years 1925 
to 1941. During the lifetime of most 
people now living, no other presidents 
have stirred up so t luch emotional agita- 


TABLE II 

Cumulative Percentages of Responses to “riiKsiDENT of the United States^^ 
Mean for Evbby Two Years 




25-26 

27-28 

29-30 

31-32 

33-34 

35-36 

37-38 

39-40 

41 

Roosovelt . . 


5.8 

4.3 

4.1 

3.0 

5.0 

9.1 

16.1 

19.9 

21.2 

Wilson .... 


22.6 

21,1 

10.9 

18.4 

17.9 

16.7 

15.1 

14.1 

13.5 

Washington 

, , 

27.2 

27.7 

26.1 

25.1 

25.2 

24.4 

22.9 

22.5 

22.1 

Lincoln .... 

• • 

13.7 

15.6 

16.0 

15.7 

15.4 

15.0 

14.2 

13.8 

14.1 
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TABLE ni 

Cttmulativk Pbrcvntaqbs of Responrbb to Outdoor Qamb'^ 
Mban for Every Two Ybarb 




25-26 

27-28 

29-30 

31-32 

33-34 

35-36 

37-38 

30-40 

41 

Tennia . . . . 


32.5 

35.4 

34.6 

33.8 

33.7 

33.2 

33.5 

33.4 

32.8 

Baseball . . . 


27.6 

20.2 

28.6 

30.0 

29.6 

29.3 

28.9 

28.5 

28.9 

Fn(»( ball . . . 


14.9 

10.9 

12.2 

12.0 

11.9 

12.1 

11.4 

11.6 

11.6 

Golf 

• • 

8.1 

9.0 

0.5 

9.4 

9.4 

9.2 

0.2 

0.0 

8.7 


tion as these two men. In the case of 
each of them, many people feel keenly. 
They ‘Hake sides,** either for or against. 
They either love or hate. With Wilson 
this effect is on the wane; with Roose- 
velt it is at present very strong. 

This waxing and waning can be seen 
in Table II. This table gives the cumu- 
lative percentages; that is, the percent- 
ages of the total number of responses up 
to and including any given year. These 
cumulative percentages were calculated 
every year. In order to condense the 
material, Table II shows the mean of 
these percentages for every two years 
(except for the last period, 1941). The 
response “Roosevelt** is stationary until 
1933-34, and then begins a spectacular 
rise — spectacular because the percentage 
of such responses has to overcome the 
load of non-Roosevelt responses accumu- 
lated prior to that period. The two fac- 
tors of recency and emotional tone con- 
tinue to boost the percentage in 1941 up 
to the stable “Washington** response, 
which has been steadily accumulating 
during the whole period. The response 
“Wilson** shows a steady decline from a 
high point in 1925-26, due to the rapid 
waning of emotional tone. Contrasted 
with these two responses which show 
marked changes are the responses 
“Washington** and “Lincoln,** which 
have remained practi(‘ally stationary 
during the whole period. The primary 
factor at work here is undoubtedly the 
first fact described, namely, habitual as- 
sociation between stimulus and response. 

This analysis of the responses to one 
stimulus word over a period of years has 
been chosen to show how contemporary 


happenings may infiuence our associative 
trends. The association test may act as a 
sort of miniature social barometer. As a 
contrast to the ups and downs in the 
responses to the stimulus “president of 
the United States,** I give in Table III 
biennial cumulative percentages of the 
responses to the stimulus “think of an 
outdoor game.** Here the forces of as- 
sociative habit have reigned supreme 
during the whole period. Nothing has 
happened to group thinking about this 
stimulus to interrupt the common 
habitual type of response. An indi- 
vidual here and there in the group may 
be influenced in regard to his particular 
reaction because of recency or emotional 
tone, but the group as a whole from 
y(»ar to year shows no such influence. 
The four typical outdoor games for 
adults in this country at this time are the 
four listed in our table. 

This stability of group responses from 
year to year is the outstanding character- 
istic for most stimuli in the usual asso- 
ciation test. The forces of habit are 
very similar for most individuals in a 
country such as ours, and this similarity 
leads to a surprising uniformity in the 
freipiency of responses from year to year. 
The changes in frequency, which we have 
noted in connection with the responses 
to “president of the United States** are 
indicative of wide-spread factors at work 
among many individuals in the group. 
The emotional factor may at times be- 
come as potent as or more potent than 
the habit factor, as we have noted in the 
response “Roosevelt,** but the habit fac- 
tor is there ready to take over as soon as 
the emotional tone decreases. 





BOOKS ON SCIENCE FOR LAYMEN 


THE LIFE OF NATHANIEL 
BOWDITCH^ 

There has boeu no time in the past 
when so many youiifi: Americans were 
beinj? taufi^ht the principles and practices 
of navij?ation. It does not make much 
diiference if these students are aimed at 
the Navy, the Merchant Marine, or the 
Aircorps, for they will before long all 
meet up with the mythical volume Hy- 
drographic Office Publication No. 9” or 
‘‘BowditclPs American Practical Navi- 
gator.’* The name of Nathaniel Bow- 
ditch has become a legend in the annals 
of American navigation and it is fortu- 
nate inde(*d for the young scholar, as well 
as for his instructor, that there is now 
available an authoritative biography of 
the life of the man whose name has be- 
come a household word in navigation. 

Nathaniel Bowditch w’as born in Sa- 
l(im, Massa(*husetts, in 1773, the fourth 
child in a family of seven. His father, 
Habakkuk Bowdit<*h, was, as Mr. Berry 
puts it rather nicely, remembered by 
his pastor for two things; his knowledge 
of the Scriptures and his extraordinary 
consumption of rum.** Life was not 
easy for the Bowd itches. For a while 
they lived in a little house at Danvers, a 
few miles outside of Salem, but they re- 
turned to Salem again, and it was in 
Salem that Bowditch grew' up to become 
one of the most respected citizens of his 
country. At the age of twelve Nathaniel 
Bowditch went to work as an apprentice 
clerk in a ship’s chandlery. He received 
little formal schooling, but with the aid 
and encouragement of the apothecary, 
Nathan Read, and two of the local min- 
ister's, he succeeded in training himself 
thoroughly in mathematics and naviga- 
tion. When, in 1795, Bowditch went to 
sea he had already acquired a knowledge 

I Yankee Stargazer. The TAfe of Nathaniel 
Bowditch. Robert Klton Berry. Illustrated. 
xi + 234 pp. $2.50. 1941. Whittlesey House. 


of mathematics that w'as equal to that of 
any other man in the colonies at that 
time. His first trip as a superc.argo on 
Captain Prince’s Henry took him to the 
Isle de Bomton” (now Reunion), and it 
was on this journey that Bowditch ’s in- 
terest in the practical side of the art of 
navigation was awakened. Other jour- 
neys took him to the East Indies and to 
the Philippines, in the beginning again 
as a super(».argo, later as the captain of 
his own ship. 

Urged on by the publisher Edmund 
M. Blunt, Bow'ditch was led to correct 
and edit an American edition of John 
Hamilton Moore’s “The Practical Navi- 
gator.” Bowditch found this volume to 
be so full of errors that it would have 
been folly for a captain to chart his 
course with the aid of Moore’s volume. 
Bowditch wished to create a book of his 
own, one that would be literally free 
from errors and so written that every 
sailor could understand and use it. It 
is told how Bowditch tried out his scheme 
on the crew of one of his ships and pro- 
gressed to the stage where every member 
of the crew, including the cook, knew 
how to determine his ship’s position from 
celestial observations. Bowditch ’s “The 
New' Practical American Navigator” be- 
came right away a popular volume and it 
was not long before a copy was to be 
found in the chest of every seafaring 
man. 

The word of Bowditch *s fame had be- 
gun to spread. In 1799 he was elected a 
member of the American Academy of 
Arts and Sciences and in 1802 he re- 
ceived the honorary degree of Master of 
Arts from Harvard University. His 
career as a sea captain ended in 1803, 
with his spectacular landfall and safe 
arrival during a snowstorm in the harbor 
of Salem on the evening of December 
25th, an incident that will always remain 
a classical example of the use of “dead 
277 
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reckoning” by a great navigator. At the 
age of thirty Bowditch could look back 
on an honorable career at sea. He was 
the acknowledged master navigator and 
his reputation as a mathematician was 
great. 

For us of the twentieth century it is 
not ea.sy to understand why Bowditch 
chose at this stage a career in the rather 
dull and prosaic field of marine insur- 
ance. For almost two decades in Salem, 
and after that until his death in 1838 
in Boston, he was during the daytime a 
skillful executive in marine in.surance 
and at night a mathematician by avoca- 
tion. Ilis mathomati(fal efforts were 
mainly concerned with the translation of 
Laplace’s monumental ”M6cani((ue (V- 
leste.” His was much more than a 
simple translation for Bowditch, with 
his meticulous care and keen analytical 
mind, added many explanatory notes to 
the original manuscript. And yet when 
one reads of Bowditch ’s life, one can not 
help but feel some disappointment that 
the young man of thirty did not see be- 
fore him a grand opportunity as a crea- 
tive scientist. Perhaps Bowditch did not 
have great (‘reativ(‘ powers and his 
strength may well have laid wholly in his 
very spcidal analytic ability. We can, 
however, only regret that Bowditch in 
the second half of his life did not at- 
tempt to be himself one of the great men 
of mathematics or astronomy rather than 
to have remained the brilliant inter- 
preter of those who came before him. 

Mr. Berry has written a good book; I 
would almost say that it is as carefully 
written as Bow^ditch would have liked to 
see it done. There is little reason to 
doubt the accuracy of its sources; it is 
fully documented and well written. The 
only criticism that I wish to make is that 
the book in spots lacks warmth and un- 
derstanding. One might almost have 
wished that occasionally Mr. Berry could 
have let himself go and that he might 
have forgotten about historical accuracy 


to tell us more about why at the age of 
thirty Bowditch chose to lead what seems 
to a twentieth century astronomer a pro- 
saic life when the heavens were opened 
before him ! 

B. J. Bok 

A BIOLOGIST LOOKS AT MAN' 

This book, (covering a wide range from 
Philosophy to Sociology through Endo- 
crinology, lleligion and “Sex,” should 
be of interest to the general public, if not 
to the professional psychologist. The 
thesis of the first chapter appears to be 
that biology should take over the field 
once known as “social jisychology. ” 
This sugg(*stion is quite in line with the 
original meaning of the word hios, which 
signified “life” in the sio^H^d-economic 
sense, not the zoologfeffti A.Now that 
‘ * social psych ology ’ ’ Ims' ^ ^'come dis- 
reputable because most of the group 
which, up to Decemb(‘r 7, 1941, called 
themselves “social psychologists” were 
unable to understand the forces which 
had been for nearly fifteen years pre- 
paring this war, and busi(‘d themselves 
with trifling problems, this might be an 
appropriate time for non-psychologists 
to take over the field. 

The defense of science in the second 
chapter seems to the reviewer needlessly 
to place science in the prisoner’s dock; 
but wi.scly avoids critical points and fol- 
lows conventional lines, although the au- 
thor lays himself open to question by 
claiming social pi'ogress in matters such 
as child labor and the status of women as 
scientific ac(iomplishments. The qu(»s- 
tion would be: What science? 

The IhiKl chapter, on “Man’s Place in 
Nature,” leads through a review of an- 
thropological and zoological data, up to 
a sound and well-formulated rebuke to 
those who have regarded man as an in- 
finitesimal speck in the vast universe. 

^Speaking of Man: A Bwlogint Looks at 
Man, Michael F. Guyer. 321 pp, $3.50. Oc- 
tober, 1942. Harper and Brothers. 
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The fourth chapter, oji “The Rise of 
Iiitellip:ent Behavior, “ is a somewhat 
hasty survey of the field which is com- 
monly called physiological psychology, 
taking account to some extent of the 
progress which psychology had niadt* in 
this field from the traditional basis of as- 
sumptions and theories inherited from 
the physiologists. The fifth chapter, on 
“Managing o\ir Minds, “ is a venture 
into the field of adjustment psychology, 
implemented from popular psychology 
and pseudo-psychology. The sixth chap- 
ter, on “The Endocrine Control of the 
Body,” appears to the reviewer to be an 
excellent presentation, by an expert, of 
imi)()rtant physiological aspects of endo- 
crine function. In considering the ef- 
fects of hormones on the emotions, the 
author neglects, as do most endocrinolo- 
gists, the effects of emotions on the endo- 
crine balance — a topic which is b(‘coming 
more and more important to psycholo- 
gists in the field of adjustment. 

The seventh chapter deals with “sex” 
in the confused meaning of that multi- 
valent term which is usual in p.sycho- 
analytic and other popular disquisitions. 
As in most popular article's and books on 
sex a limit(*d selection of facts is put 
before the reader, who (if a layman) is 
not able to supply the omitted material 
which is necessary for interpretation, or 
to distiiiguish the fact from the fiction. 

The last three chapters deal with “De- 
mocracy as a Biological Problem,” “The 
Educateil Failure,” and “Man’s Search 
for the Ideal.” Although nothing is pre- 
sented ill these chapters which would not 
be familiar to the educated layman, the 
author’s selections of doctrines and argu- 
ments are clearly presented and should 
be interesting to readers not too sophisti- 
cated. The last chapter includes a de- 
fense of religion, with misconceptions of 
certain religions cited, and a defense of 
a theory of evolution. The form of evo- 
lution defended is not clearly indicated ; 
but so far as the reviewer can judge, it is 


the popular theory which makes evolu- 
tion analogous to the slow filling-in of 
the words of a (*ross-word puzzle, the defi- 
nitions for which are assumed to have 
been fixed, unchangeably, in the begin- 
ning of the world. 

There are some points which might be 
questioned as regards their validity, their 
implications or their consistency with 
other statements, but the reviewer does 
not feel inclined to criticize details in a 
fiopular book. 

Knioht Dunlap 

FACTS AND THEORIES ABOUT 
BIRD MIGRATION! 

Of all the aspects of bird study, migra- 
tion is probably still the one that inter- 
ests the greate.st number of observers, 
and in spite of the vast amount of ob- 
servational data on record, is still one of 
the least solved, most obviously mysteri- 
ous of all bird behavior problems. The 
fa<»t that, in war-torn England, a revised 
editiim of Thomson’s compact little book 
should be issued (and it would not be 
published unless there was an assumed 
demand for it) is a (*lear indication of 
migration’s continuing interest for nat- 
ural-history minded folk. The book is 
essentially a reprinting of the first edi- 
tion of with very Few minor changes 
and additions (for instance, it has thir- 
teen maps as comjiared with ten in the 
first edition). The type is smaller and 
the number of pagi's (‘orresjiondingly re- 
duced from 224 in the 1936 edition to 192 
in the present one. | A publisher’s note 
on the back of the fiy leaf states that, 
“the paper and binding of this book con- 
form to the autliorized economv stand- 
ard.”] 

The book is divided into four main 
parts, each containing three chapters. 
They are: 1. Introduction to Migration, 
with accounts of the study of migration, 
the different types of migratory be- 

1 Bird Migration, A. Landsborough Thomson. 
Revised edition. 192 pp. 6/-. 1942. H. F. & 
G. Witherby, Ltd. (London). 
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havior, anti the phenomenon of migration 
in its broad aspects; 2. Certain aspects 
of mifrration, with discussions of the di- 
rections, the seasons, and the methods of 
migration ; 3. General Features of Mif^ra- 
tion, involviuf? accounts of immensity, its 
complexity, and its rcjrularity; and, 4. 
Theories about Mijarration, with the dis- 
cussion frroui)ed under the topics of the 
utility and causes of mijyration, and the 
mechanism of |t*:uidinp: durinjr mifrration. 

A book of this sort and size is desif?ned 
for the ^^fcneral reader, and not for the 
advanced student. In this it is very suc- 
cessful and merits a new edition. It is 
characterized by accuracy and critical 
caution, and should serve, as did its pred- 
ecessor, to ^ive information and pleasure 
to a large number of i)eople. 

Herbert Friedmann 

THE AMATEUR SCIENTIST IN 
PHILADELPHIA! 

The money profit motive has been over- 
emphasized in this modern world. Hu- 
man beings do not do things primarily 
for dollars. They do them because they 
are interested in them and want to do 
them. Much of the important work of 
the world is unpaid in cash but paid in 
pleasure. 

The American Philosophical Society’s 
Committee on Education and Participa- 
tion in Science, with grants from the Car- 
negie Corporation, carried on for three 
years one of the most exciting inquiries 
and demonstrations of recent years con- 
cerned with the public participation in 
science, not as spectators but as prac- 
titioners. W. Stephen Thomas, who 
steered this experiment, tells the story 
of its success and its background in “The 
Amateur Scientist. ’ ’ 

In Philadelphia, rich in scientific his- 
tory, fortunate in educational and scien- 
tific institutions and museums, and mel- 
lowed by an atmosphere conducive to 

1 The Amateur Scientist. W. Stephen Thomas. 
Illustrated. 291 pp. $3.00. 1942. W. W. 

Norton and Company. 


contemplative inquiry, there were dis- 
covered by Mr. Thomas some 32,000 sci- 
entists-for-the-fun-of-it with societies and 
informal groups that number nearly 300. 
We hear much about the professionals, 
the professors, the science taught in 
school and colle^re, but we have hereto- 
fore heard little about the amateur. We 
are prone to forget that Benjamin Frank- 
lin, whose influence hovered over almost 
everything scientific in the City of 
Brotherly Love, was an amateur in s(*i- 
ence although certainly no novice. 

A quartette of specialists, a helpful 
committee and a small central staff 
brought to light and gave some stimula- 
tion and unity to these serious hobbyists. 
There were sample and demonstration 
research projects : When the wild flowers 
bloom; what tree rings shw about the 
climate of the past ; how to mark snakes, 
frogs and turtles to keep tab on them; 
and how to probe the upper atmosphere 
with radio waves. There was sufficient 
prospecting and assaying to show that 
there is much scientific gold in those 
nights, days-off, and Sundays of the ex- 
pert amateur in science. 

You would expect school teachers, 
pharmacists, physicians, chemists, engi- 
neers, to be amateur scientists in Phila- 
delphia, but would you have gut‘ssed that 
there were bankers, business executives, 
clerks, mail carriers, printers, pattern 
makers and a hundred other occupations 
among them, including a ])rofessional 
dancer, housewives by the score, those 
who have retired and some unemployed? 

This extensive interest in science as a 
serioHs hobby is not limited to the type 
city of Philadelphia. Probe beneath the 
surface of any city or town and you will 
be sure to find enthusiastic and compe- 
tent scientific arnatetirs. The Philadel- 
phia story demonstrates that this is a 
neglected field, worthy of cultivation by 
a local institution that has motivation 
and resources to activate, counsel and 
guide the latent or unorganized abilities. 
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ProtWsionaJ societies in various fields 
would be hitrhly justified, in the future 
when peace gives them time, to integrate 
this work with their present professional 
activities, cooperating in a national move- 
meni:. The way has been blazed for the 
future by the Philadelphia experiment. 

The encouragement of amateur science 
for adults is as important as the stimula- 
tion of scientific hobby activity in the 
Jiigh schools, which is well under way 
by the national organization of Science 
Clubs of America administered by Sci- 
ence Service. If the appreciation and 
understanding of science and its methods 
can be brought to the attention of the 
millions as they go through grade schools, 
liigh s(‘hool and college, if they have the 
(opportunity of actively (*arrying on their 
interests in later life, even if they choose 
other means of earning a living and serv- 
ing the world, then there is a good chance 
that the world will (M)nduct its affairs 
more sanely as the numb(*r of scientifi- 
(‘ally oriented j)eople in it increase. 

Here is a j)racti(.*al blueprint for future 
activity wlum the war is won and we be- 
gin to win the peace. Whether we get 
a chance to build it will depend upon 
how soon we (*an start and with what 
vision and enthusiasm we begin this mo- 
bilization of science for all who volun- 
teer. 

Watson Davis 

HUMANIZING SPIDERS^ 

In the forenoon of September 22, 
Spinoza died. 

This Spinoza was not a philosoplnu*, 
but a tarantula. In company Avith 
Beautiful Lady, Silver Queen and other 
spiders Avith ])ersonalities, she is de- 
scribed and discussed by Miss Bmans in 
this entertaining book. 

1 About Spiders: Inlroduchip Arachnc, Klaine 
V. Emnu8. Illustrated, xix + 383 ])p. $2.50. 

1940. E. P. Dutton and rom[»any. 


There are nineteen chapters, beginning 
with the time w^hen Miss Emans became 
snared by spiders, with notes on anatomy 
and on behavior, based on long hours of 
careful observation of numerous indi- 
viduals, some at liberty in the garden 
and house, others confined to observation 
quarters. There is a chapter on their 
economic value and another on their 
enemies, the most commoidy observed of 
wdiich is the neat housewife with the 
long-handled broom, annoying the au- 
thor, who admires the finer qualities of 
spiders. 

The book is nicely illustrated by photo- 
graphs and pen and ink sketches. A 
short chapter, “Oddities and Ends,“ 
(‘oncludes what is an informative and 
readable account of a group of our much 
misunderstood neighbors. 

W. M. Mann 

A SURVEY OF BIOLOGY' 

Tins book is exactly what its sub-title 
indicates- -a survey of various fields of 
biology. The material which it covers is 
arranged in a series of chapters, each of 
Avhich attempts to discuss one branch of 
the field. The author has succeeded very 
well in relating the separate fields and in 
showing the bearing whi(*-h ea(*.h has on 
the others. Although such treatment is 
bound to be somewhat disconnected, as a 
.survey this book is to be recommended, 
for it covers many fields and it presents 
an immense amount of material in a rela- 
tively small space. It is put out by 
planograph, and some of the pictures 
which would be (*xcdlent as photo-en- 
gravings are not any too satisfactory, 
but the woalth of line drawings and dia- 
grams is a real addition to text material. 
Its value as a text depends entirely on 
the way one evaluates survey courses in 
general. D. B. Young 

I Life Science, M. W. de Laubonfels. Illus- 
tnitud. i + 320 pp. $3.75. 1941. Lniibcnfels. 






THE PROGRESS OF SCIENCE 

GARY NATHAN CALKINS. 1869-1943 


The death of Gary Calkins on January 
4, 1!)43, removes yet another of the “old 
guard of science from our midst. Not 
only was he scientist in the best tradi- 
tion, but also a man who attracted hosts 
of friends, so that his passing is a deep 
personal loss to many, botli old and 
young. 

Indiana was his native state, but he 
spent his student days at the Massachu- 
setts Institute of Technology, where he 
graduated in 1890 in biology with tlie 
degree of B.S. Thereafter his life was 
devoted to a scientific career. Under the 
influence of William T. Sedgw^ick he 
early became interested in the l^rotozoa, 
especially with reference to their part in 
pollution of water supplies, and was as- 
sistant biologist to the Massachusetts 
State Board of Health from 1890 to 
1893 ; during the same period lie was also 
lecturer in biology at the Massachusetts 
Institute of Technology. In 1893 he 
transferred as a student of Edmund B. 
Wilson to Columbia University, which 
became his professional home for life 
from the time of his arrival there. Aj)- 
pointed tutor in biology in 1894, he 
passed rapidly through the academic 
grades to that of professor in 1904. In 
recognition of his ruling interest he was 
given the special title of Professor of 
Protozoology in 1906, the first to receive 
the title in America. He retired as 
“emeritus in residence “ in 1940, Co- 
lumbia University conferred the honor- 
ary degree of Sc.D. on him in 1929 in 
addition to the Ph.D. degree in 1898. 
Among other honors he was elected mem- 
ber of the National Academy of Sciences 
in 1919. 

Following his preoccupation with pub- 
lic health problems at the Massachusetts 
Institute of Technology, which termi- 
nated in 1893, the influence of Edmund 
B. Wilson, the great master of “the cell 
in development and inheritance,'* di- 


verted his interests to problems of karyo- 
kinesis with special reference to sper- 
matogenesis in the earthworm (1895) 
and later in the large marine pho.s- 
pliorescent protozoa, Noetiluca (1898). 
The latter study marked his return to 
Protozoa, but now mainly on account of 
their special advantages as material for 
general biological problems. He did not, 
however, lose the special in the general, 
but throughout his life continuously dis- 
played his interest in Protozoa as or- 
ganisms of a special phylum by signifi- 
cant publications which displayed his 
comprehensive knowledge of the whole 
group. 

He began his general studies by an ex- 
amination of Maupas's classical works 
on senescence, conjugation and rejuve- 
nescence in Protozoa (1888-1889) and of 
August Weismann’s interesting concep- 
tion of immortality of these organisms 
(1891). His experiments on Paramoe- 
cium caudatunif begun in February, 
1901, required daily attention for a 
I)eriod of two and a half years. He im- 
proved on Mau pas’s methods in various 
resj)ects, but especially by keeping exact 
account of the number of generations by 
division; this involved isolation of indi- 
viduals in new culture slides with fresh 
medium after two or three divisions at 
the most, that is, about every other day. 
He found that wTdl-marked periods of 
depressed vitality occurred at about six- 
month intervals with less evidence of de- 
pression at about three-month intervals, 
but that these could be overcome by suit- 
able changes of the culture medium, a 
result that he compared to artificial 
partlienogenesis, then a new subject. 
However, there came a time when all 
treatments failed and the best series 
finally died out in the 742d generation. 
His results led him to accept the idea 
that growing old is a natural phenome- 
non in Protozoa as well as in Metazoa, 
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and to reach the conclusion ‘Hhat the in- 
definite continuation of life without con- 
jugation is improbable’* (1904) ; in this 
he was in substantial a«?reeincnt with 
Maupas. 

He published numerous later papers 
on life histories of Protozoa, p;euerally 
with these problems in mind. They took 
a different form when L. L. Woodruff 
of Yale University, a former student of 
Calkins, undertook a day by day study 
of naturally occurrinjif rhythms in Para- 
moecium aurealia and, in conjunction 
with Rhoda Erdmann (1914), discov- 
(?red the jdienomenou of ^‘endomixis,” 
a periodic reorganization of the entire 
nuclear apparatus within single indi- 
viduals which restores the upper level 
of the rhythms. Woodruff’s cultures of 
this species were continued to 5,250 gen- 
erations up to 1915, over a period of 
eight years, without conjugation or the 
use of artificial stimuli. Calkins’s final 
statement of the problem in 1934 in- 
cluded endomixis along with conjuga- 
tion, encystment, reorganization during 
division, and environmental and meta- 
bolic conditions as factors controlling 
longevity in protozoan protoplasm. 

His i)ublished researches are a lasting 
memorial. He was also an enthusiastic 
and successful teacher and has left dis- 
tinguished followers who received their 
inspiration from him to carry on his tra- 
dition. His books, products of his re- 
search and teaching, were: “The Pro- 
tozoa,” 1901; “Protozoology” (based on 
lectures before the Lowell Institute in 
1907), 1909; “Biology,” 1914; “Biology 
of the Protozoa,” 1926 and 1933. 

Outside of his more strictly institu- 
tional activities Calkins was in great de- 
mand. There is space to mention only a 
few examples. Thus from 1902-1908 he 
served as consulting biologist to the New 
York State C^uat^r Laboratory in Buf- 
falo; from 1919-1921 he was president of 
the Society for Experimental Biology 
and Medicine. In 1926-1927 he was di- 
rector of the University Union in Paris, 


where he had the opportunity of pro- 
moting the intere.sts of foreign students, 
especially American, in that city and 
throughout France. But Calkins’s prin- 
cipal scientific activities outside of Co- 
lumbia University were in connection 
with the Marine Biological Laboratory 
at Woods Hole, Massachusetts. His con- 
nection with the Laboratory dated back 
to 1893, and he established a summer 
home there about 1910. After that time 
he was present for all the summer ses- 
sions except for one year in Europe. He 
was a member of the Corporation for 39 
years. Trustee for 30 years, Clerk of the 
(Corporation for 17 years. Secretary of 
the Board of Trustees for 12 years; he 
was also investigator there for 35 years, a 
member of the research staff for 31 years, 
head of the course in Protozoology for 22 
years. His devotion to the Marine Bio- 
logical Laboratory, his second institu- 
tion, was unbounded. 

He will be remembered for what he 
was no less than for what he did. Per- 
haps his most striking personal char- 
acteristic was a sj)ecial quality of lovable- 
ness displayed in his relations to his 
family, his friends and his professional 
a.s.sociates, both contemporaries and stu- 
dents. That his gifts of human kindness 
were reciprocated was .shown by the port- 
folio of about two hundred letters ad- 
dre.ssed to: 

(wary Nathan ('alkins 
Philosopher in Little Things 
and Friend 

from his students and friends, presented 
to him in 1941 after his retirement, ex- 
pressing their esteem and appreciation. 
That this testimonial took such a per- 
sonal form, rather than the more usual 
form of a congratulatory volume of sci- 
entific contributions from former stu- 
dents and associates, is eloquent evidence 
of the respect and affection that Calkins 
drew to himself. 

Frank R. Lillie 
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CHARLES FREDERICK BURGESS. EDWARD GOODRICH ACHESON 

MEDALIST 


At its fall con will ion in 1942 the 
Electrochemical Society bestowed on Dr. 
(’harles F. Jbir^ess the Acheson Medal 
and Prize, the hijrhest honor in electro- 
chemistry.* 

Dr. Burgess’ world-wide reputation is 
based largely on his contributions to the 
modern dry cell, the “Burjjess Battery.” 
When Dr. Burgess originally approached 
the dry battery jiroblem, forty years ajro, 
there were then so many contradictory 
rejiorts as to the electrochemical reac- 
1 Previous recipients of the award are Kdward 
G. Acheson, Edwin F. Northrop, Colin G. Finh, 
Frank J. Tone, Frederick M. Ilecket and Francis 
R. Frarv. 


tions involved and so many complica- 
tions inherent in tin* manufacture of a 
frood dry battery that oidy an investi- 
frator with a vision and insijrht such as 
Ibirpress possesses would have considered 
the problem w^orth investi^atiiiff. But 
characteristic of the Burjress experimen- 
tal approach and ins untirinp: enthusi- 
asm, the difficulties involved and the 
causes for irrep:ular battery behavior 
were solved, one by one, so that within 
a few years the battery specifications 
adopted by the National Bureau of 
Standards w'ere larp:ely based on Bur- 
jress’ findin»:s. 
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THE EDWARD GOODRICH ACHKSON MEDAL 


Allot her of Burpress’ pioiieorinj^ re- 
searehes is that on eleelrolytie iron of 
almost 100 per cent, purity. All iron 
eleetro-deposition baths developed previ- 
ous to Burp:ess produced deposits that 
wer(‘ either very thin or dark, roufrh and 
powdery. Over three tons of pure elec- 
trolytic iron were produced in the pilot 
plant in the Hurpress laboratory at the 
tlniversity of Wisconsin. This iron 
served as the basis of some 1,000 alloys 
whi(di Burp:ess tested and otherwise 
studied. 

An outstandinp: physical property of 
electrolytic iron is its hij?h permeability 
and relatively low hysteresis loss. Ac- 
cordinjrly, the Western Electric Com- 
pany at Hawthorne, Illinois, installed 
a larp:e electrolytic iron plant using 
the Burgess formula and manufactured 
rings of electrolytic iron for the Pupin 
coils used in transatlantic telephony. 
This Hawthorne plant continued to 
operate for many years until the advent 
of th(i nickel-iron alloys, permalloy and 
mg metal, whose magnetic characteris- 
tics were even sui)erior to those of pure 
iron. 

Aaidd from the interesting magnetic 
qualities and consequent applications of 
electrolytic iron, Burgess found another 


property that has led to a new us(* for 
this pure iron during recent years. He 
demonstrated that electrolytic iron can 
be made very brittle ‘‘due to occluded 
hydrogen.^’ This brittle product is to- 
day ground to a fine powder and, with 
certain alloying additions, is used to 
make intricate gears and other iron parts 
more easily manufactured by powder 
metallurgy methods than by casting or 
machining. The spent pickling solutions 
of the ste^el mills are chcaj) and “ inex- 
ha ustibh*^’ raw material for electrolytic 
iron. 

Many pages would be required to pre- 
.sent the numerous scientific and indus- 
trial accomplishments of the medalist. 
The wide scope and large diversity of 
the problems and products of the lab- 
oratories directed by Dr. Burgess during 
the past forty years are evidenced by 
the following partial list: purification of 
drinking water, standardization of city 
gas, copper-beryllium alloy springs, alu- 
minum rectifier, copper-bearing steels, 
sound -absorbing materials, conversion of 
swamp weeds into useful ])roducts, clay 
building blocks, rubber dispersions, gas 
filters, sterilizing liquids, corrosion of 
strained metals, etc. 
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Dr. Burgess was bom in Oshkosh, 
Wisconsin, on January 5, 1878. His 
alnia mater is the University of Wis- 
consin (B.S. 1895; E.E. 1898; Se.l). 
honaris causa, 1926). He taught at Wis- 
consin for eigiiteen years. Wh(»n he was 
twenty-seven years old Dr. Burgess in- 
troduced a course in electrochemistry, 
one of the first of suc'h courses in 
America. 

The C. F. Burgess Laboratories wen* 
founded in 1910 at a time when indus- 
trial research had not been generally ac- 
cepted. The original capital investment 
totalled $9,0(K). By 1928 this had in- 
creased to $900, 000 through earnings 
and sales of stock. 


Dr. Burgees, now past seventy, con- 
tinues his active interest and ])articipa- 
tion in tlui C. P. Burgess Laboratories 
and in the half-dozen subsidiary com- 
panies. At his wint(‘r home on Burgess 
Isle near the west coast of Florida he 
maintains a well-equipped laboratory 
where he (»njoys testing out ideas that 
often seem fantastic or impossible to the 
lay mind. 

Dr. Burgess once wrote: ‘Hf business 
incidents are met by tlie chemist as 
])aliently and cheerfully as he meets 
the problems involved in laboratory re- 
search, the chances for pleasure and 
profit L*om his business are excellent. 

Colin Carkielo Fink 


THE YALE LABORATORIES OF PRIMATE BIOLOGY 


The immediate occasion for this note 
is an announcement by Vale and Har- 
vard Universities of their cooperation in 
the furtherance of primate resear(*h by 
jointly operating the laboratories at 
Orange Park, Florida, which heretofore, 
as the Yale Laboratories of Primate 


Biology, have constituted a department 
of the Yale School of Medicine. Tn this 
coojierative enterprise the universities 
have the financial assistance of the 
Kockeleller Foundation, the Carnegie 
Corporation, and the Samuel S. Pels 
Fund. It is stated that the name has 



ADMINISTRATION BUILDING, YALE LABORATORIES OF PRIMATE BIOLOGY 
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beiMi rhaiifred to Yerkes Laboratories of 
Primate J^iolofry, Ine., and that the cor- 
poration consists of three representatives 
of each university.^ 

Kesponsibility for research and educa- 
tional activities in the establisliment will 
rest with Director Lashley and a Board 
of Scientific Din*ctors cousistiiijjr of: 
Dean Francis (L Jilakc, Yale School of 
Medi(*inc; Leonard Carmichaeb Pre.si- 
deut of Tufts (Jollejye; Georjre W. 
(Corner, Director, Department of Eni- 
bryolo^^y, Carnegie Institution of Wash- 
iiifrton; Derek E. Denny-Brown, Pro- 
fessor of Neurolo}?y at Harvard; Fred- 

1 1'rom Harvard, James B. Coiiant, President, 
William B. Claflin, Jr., Treasurer, Henry L. 
Shattuck, Fellow of Harvard College; from 
Yale, Hilaries Seymour, President, Thomas W. 
Faruum, former Associate Treasurer and C^omp- 
t roller, and Carl A. Lohmann, Secretary. Dr. 
Karl S. Lashley, Research Professor of Neuro 
psychology at Harvard, has been appointed Di- 
rector of the Vorkos Laboratories and Dr. Henry 
W. Nissen, Associate Professor of Psychobiology 
at Yale, Assistant Director. Dr. Yerkes, as Di- 
rector Emeritus, continues as Professor of Psy- 
chobiology at Yale. 


crick L. Hisaw, Professor of Zoology at 
Harvard; William H. Taliaferro, Pro- 
fessor of l^arasitology at the University 
of Chicago; and Professor Yerkes of 
Yale. 

This undertaking had its origin in the 
Primate Laboratory of the Yale Insti- 
tute of l\vcliology, ill 1924. Five years 
later, with the support of the Rockefeller 
Fouiulalion, Yale established the An- 
tliropoid Breeding and Experiment Sta- 
tion at Orange Park, Florida. Since its 
opening in 1930 the Station has devel- 
oped st(‘adily and, in large measure, the 
original objectives have been achieved. 
The site of some two hundred acres has 
proved almost ideally suitable^ for the 
pn)jcct and a number of permanent 
buildings have been erected, the most 
recent of which arc a modern laboratory 
building and rpiarters for monkeys. 

Starting with four chimpanzees as 
nucleus of an anthropoid breeding col- 
ony, all of which had been born in Africa 
and were of unknown age and life his- 
tory, the Laboratories had in 1942 a (*ol- 



A VIEW OF THE LABORATORY BUILDING 

SHOWINO THE OPEN CORRIDOR CONNECTING IT WITH THE ADMINISTRATION BUILDING. 
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A NEAR VIEW OF ONE END OF THE ANIMAL QUARTERS BUILDING 


ony t‘oiisistin^ of about fifty iiulividuals. 
There have been nearly that number of 
births in ttie Laboratories. 

Dr. Lashley in reviewinjr aiul apprais- 
ing^ the history of this projeet points to 
the followiiifi: three initial objectives as 
e.s.sential to its .siie(*essful development.* 
‘‘Foremost of these was the development 
of methods for the breeding and reariiifi: 
of healthy stock and the establishment 
of a colony of known ajye and history. 
This aim lias been fully achieved. A 
second objective was a broad psychobio- 
lojrical study of the chim})anzees, for the 
lijrht which it inijrht throw upon the 
orifrins of human biolojrical and social 
traits. 8uch a study can never be com- 
pleted . . . but the reports from the Sta- 
tion now present an intejjrated account 
of the plLVsiolofrical and psycdiolojrical 
characteristics of the chimpanzee wliich 
is more nearly complete than that avail- 
able for any other animal except, per- 
haps, the rat. A third objective in the 

2 Quoted from an unpublished Program for 
Research at the Station.’^ 


orijrinal plan was to determine the suit- 
ability of the chimpanzee as research 
material for the invest ij^at ion of various 
<|uestions of physiology, psychology and 
medicine, and to develop the lines of in- 
ve.stigation in which the animals could 
be used to best advantage. Several such 
fiehis of research for which the chim- 
panzee is unirjuely adapted have been 
tlefined and work in them initiated. 
Priority of the breeding program thus 
far has resti-icted work mainly to prob- 
lems which did not require sacrifice of 
the animals. The chimpanzee colony has 
now reached the maximum size which 
can be maintained with the facilities of 
the StatioJi. An adequate supply of 
animals for more radical experiments 
may be anticipated 

Looking beyond the present vantage 
ground of achievement into the future* 
of research with the higher primates. 
Dr. Lashley concludes that “The general 
fields of investigation which promise im- 
mediate, valuable results at the present 
stage of development of physiology and 
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A GLIMPSE OF THE VEGETATION ABOUT 
THE ADMINISTRATION BUILDING 


l)sy(*h()I()jr,v arc the ^dynanii(!s’ of be- 
havior and the nature of Mntellip*riee*/’ 
The new direetor has laid out a plan of 


research which includes several jrroups 
of related psyehobiolofrical problems. 
Notable anion^ them are (1) ontop:enetic 
and i)hylo«:enetic studies of prrowth and 
intellectual capacities in the primates; 
(2) analysis of sexual behavior in its 
relations to neural and endocrine func- 
tions; (3) descriptive studies of indi- 
vidual dilferences in temperament and 
emotional reactions; and (4) studies of 
the physiolofry of the central nervous 
system in relation to instinctive and in- 
tellectual capacities as revealed in the 
above types of analysis of behavior. The 
resources of the Tiaboratories have been 
supplemenled by the purchase of a ^roup 
of spider monkeys from which it is hoped 
to develop a breediuf? colony of experi- 
mental animals. 

Primary emphasis will be placed on 
the research use of monkeys and apes as 
approach to the solution of human prob- 
lems and as basis for the d(»v(*lopment of 
new phases of human enprineerinp:. 

UOHEKT M. YeRKES 


CRANBROOK INSTITUTE OF SCIENCE EXHIBIT OF 
MICHIGAN PLANT LIFE 


Agassiz’s admonition, “Study Nature 
not Books,” is beinjr followed in the 
(h’anbrook Institute of Science at Bloom- 
field Hills, near Detroit, Miehipui. In 
its re(*ently opened Hall of Plant Asso- 
ciations there are seven dioramas, sliow- 
in«? typical examples of important Michi- 
pin plant communities. 

Uan^in^ over seven decrees of latitude 
and eifi:ht of lonjyitude, Michi|fan com- 
prises «:reat diversity of terrain and 
vejjetation types. Lower Michipin lies 
in the deciduous forest zone with two 
forest climaxes; oak-hickory and beech- 
maple. Upper Michipin is in the lake 
forest vegetation zone. Here ever}?reen 
trees are dominant and the coniferous 
forest is climax. As one procuresses 
northward in the state pines become more 


plentiful, hickories drop out of the pic- 
ture, oaks decrease in number and 
beaches finally ilisappear. These diverse 
climax types are direct responses to the 
jrreat differences in climate, soil factors 
and physiofrraphy of the northern and 
southern parts of the state. Th(»y reflect 
the ji:eologic history of Michifran and par- 
ticularly the effect of the ice ap:e upon 
her soil and couiitours. 

In Cranbrook’s Hall of Michi<?an 
Plant Associations typical examples of 
the three climax forests, conifer, oak- 
hickory, and beech-maple are authenti- 
cally reproduced. With them are shown 
four other Michi|?an plant communities 
which are transitional and suceessional 
communities leading up to the three 
climaxes. 
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The rieli dee]) coniferous forest near 
the tip of the Keweeimw Peninsula has 
been reproduced as it appears in late 
Aujrust. Beneath [)ines, balsam, spruce 
and cedar ]?r()w arbutus, starflower, pip- 
sissewa and bunchberry with its clusters 
of bright red fruits. In dense shade only 
thick mats of dark green moss and tufts 
of reindeer lichen groAV in the fragrant 
needle car])et. Such forests develop 
through long stages of growth and 
change. They may begin from such ap- 
parently remote origins as cobble beaches 
on the northern shores of Lake Huron or 
the sun washed dunes of Lake Mi(‘higan\s 
eastern shore. 

Typical of tlu'se cobble beaches is the 
south shore of Bios Blanc Island, in the 
Straits of Mackinac, as .shown in the 
Cranbrook (*xhibits. Here is clearly evi- 
dent the trend of succe.ssion from water’s 
edge, through a flower strewn beach 


where fringed gentian, pink foxglove 
and green and white gra.ss of j)arnassu8 
abound to the wave-free high beach where 
the evergreen forest wall rises abrui)tly. 

Sleeping Bear Dune, Leelanau County, 
the largest moving dune in Michigan, has 
been selected as best exemplifying the 
transition from loose shifting sand to 
capture by coniferous forest. A portion 
of this extensive dune is shown as it ap- 
pears in August. Wind swept areas 
where ])lant life is reduced to s|>arae 
growth of dune grass; quiet places 
where dune thistle, wormwood, harebell, 
and puccoon gain footing; as well as 
twisted i)o])lar trees, a fossil forest, and 
typical “blow-out” are .shown. Here 
al.so is .seen a partially held dune known 
as a “Gibraltar” and a completely cap- 
tured and forested dune, the Great Bear, 
perched on a bluff many hundred feet 
above Lake Michigan. 



SPlllTCK-CKDAR BOO 

IMNK AND WHITE, YELLOW AND STKMLKS8 LADYSLIPPERS GROW IN AN ACID SPHAGNUM BOG WITH 
CRANBERRIK.S AND PITCHER PLANTS. BLACK SPRUCE, CEDAR AND TAMARACK TREES SHELTER THESE 

DELICATE PLANTS. 


292 


THE SCIENTIFIC MONTHLY 



SAND DUNE 

HERK, ON SLEEPING BEAR, MICHIGAN'S LARGEST 
MOVING SAND DUNE, WIND-BLOWN SAND CHERRY, 
WORMWOOD AND SAND-HINDING GRASSES INDICATE 
THE DIRECTION OP PREVAILING WINDS, A FOSSIL 
FOREST, BLOW-OUT AND PARTIALLY CAPTITRED 
AREAS ARE ALSO SHOWN. 

Trending toward the two hardwood 
forest eJiniaxos charaidoristie of low’er 
Michijraii are many transitional {?roiip- 
in^s of plants. Two are shown in the 
Hall of Michigan Plant Associations. 

A sprnce-cedar bog in the southern 
part of the state has been selected as out- 
standing. These bogs trace their origin 
to glacial times when blocks of ice, slow 
in melting, left dejiressions more or less 
filled with cold water. Boreal jilants 
usually found in latitudes far to the 
north have become well established in 
these situations, but disappear when the 
bog silts in and the water table changes. 

In the bog shown at Cranbrook mois- 
ture-retaining, moss-(*()vered hummocks 
and dark lily-covered pools are sheltered 
by pyramidal black spruce, tamarack 
and cedar trees. Here in these difficultly 
penetrated bogs grow rare orchids like 
the yellow, pink and white and stemless 
lady^s slippers. With them fragrant 
rose pogonia, cranberries, pitcher plants 
and wild white ealla lily are found. 
Sheltering shrubs are chiefly blueberry, 
rosemary and poison sumach. 



OAK-DU^KORY EOREST 

ON WELL DRAINP:D MORAINIC SOILS, FORESTS OF 
OAK AND HK’KORY SHELTER DELICATE SPRING 
BLOOMING TRILLIUMS, VIOLETS, .lACK-IN-THE- 
PULPIT AND MANY OTHER EARLY-APPEARING WILD 
FLOWERS WHICH FADE AVITH THE INCREASE OP 
THE LEAFY CANOPY AND HIGHER TEMPER \TURKS. 

Frequently, as the water table changes 
dry meadow succeeds wet bog. Here in 
the absence of all shade, sun-loving wdld 
carrot; chicory; Black-eyed Susan and 
bee balm grow in a dense matrix of 
timothy and blue grass. Such an open 
meadow in southern Michigan has been 
reproduced in Cranbrook 's plant hall. 

As shrubs and trees gain foothold, 
meadow plants disappear. If the terrain 
be well drained and of light textured soil, 
oak-hickory forest will succeed dry 
meadow. Such a forest as it appears in 
May with its profuse carpet of shade- 
loving delicate flowers is shown. Under 
sheltering oaks and hickories with wild 
cherry and shadbush bloom hejiaticas, 
trilliums, blue violets, May apple, Jack- 
in-the-Pulpit and Dutchman’s breeches. 

Of distinct (fontrast to the flower 
.strewn forest floor of typical oak-hickory 
forest is the clear open sweep of mature 
.stands of beech and maple. In this wood- 
land only a few herbs are seen. Perns, 
beech drops and Indian pipe grow here. 
Occasional red-berried elder, Virginia 
creeper and trailing bedstraw' augment 
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the seaut jifrowth. Beech and hard maple 
trees with a few butternuts and tulip 
trees form the forest canopy. 

Cranbrook Institute of Science pre- 
sents these seven reproductions of Michi- 
jraii plant life for the i)Ieasure, the in- 
spiration and the education of the i)eople. 
Here they may be seen not oidy by those 
familiar with their orifrinals but by many 
never able to seek their counterparts in 


reality. For the teacher and the student 
they are a book of three-dimensional il- 
lustrations. For the casual visitor there 
is pleasure and stimulation to a better 
appreciation of our natural surround- 
ings. For all, there is conservation of a 
}ii} 2 :h order and silent a])peal for the 
j)reservation of some of our richest re- 
sour(*es. 

Marjouie T. Binouam 


DEVELOPMENT OF INTERACTIVE SOLAR PROMINENCES 

Prominences on the sun are rou^dily fadinjr out at an (‘levation which often 
divided into five classes; Quiescent, Ac- amounts to several hundred tliousand 
live, Sunspot, Eruptive, and Tornado, kilometers. 

The ordinary active prominences are Occasionally the prominence will di- 
those from which streamers are pulled vide, a part becominjr quasi-eruptive and 
into centers of attraction located any- a part eruptive. In any event streamers 
where over the solar sui’face. In the continue to rain down to <*enters of at- 
sunspot, active type streamers are ])ulled traction upon the sun as the prominence 
into centers of attra(‘1ion located within rises. The characteristics of tin* move- 
a sunspot area. So far as we know both ments of prominences point to electrical 
these types of prominences may disap- charj?es rather than I i^^ht pressure as the 
pear principally in three ways: (1) by motive force. Since the study of promi- 
shreddinj?, /.e., they are torn apart and nences without an eclipse bejjan 73 years 
pulled into the sun in the form of ajro, 64 eruptive prominences have been 
streamers, (2) by a (piasi-eruption which found to follow this pattern of develop- 
occurs when the shreddin<? becomes very ment. 

rapid, the w’hole prominence ?-ises, moves A rare form of the active ty[)e is the 
over an arc and down into the center of interactive prominence in which two or 
attraction on the sun, and (3) by an more prominences are connected by 
eruption when, for some unknown rea- strcam(»rs. Very little was known about 
son, the prominence begins to rise, moves this type. On August 7 and 8, 1942, one 
away from the sun, then disappears by was photographed with the newly de- 



FIO. 1. ERUPTIVE PROMINENCE OF OCTOBER 6, 1942 
EXPOSURES AT INTERVALS OP 23 MIN. HEIGHT OF PROMINENCE IN THE LAST PICTURE 250,000 KM, 
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FIG. 2. TIME-DISTANCE DIAGRAM 

OF THE ERUPTIVE PROMINENCE OF OCTOBER 6, 
1942. STRAIGHT LINES IN THE DIAGRAM SIGNIFY 
UNIFORM MOTION. VELOCITIES ARE INDICATED. 

veloped monochromator which showed 
that the prominence gases in a pair of 
streamers were moving in opposite di- 
rections. This movement of gases from 
one prominence to another seems to re- 
quire that electric charges of either sign 
may occur in a prominence. Why such 
a prominence does not collapse is a mys- 
tery, for the ionized calcium atoms, 
which always form part of the gaseous 
material, have the positive sign only. 
There is no ditference in the forms of 
prominences photographed in ionized 
calcium or neutral hydrogen. 

Of the development and distinction of 
interactive prominences very little is 
known. One which crossed the disk in 
July, 1941, was converted into a pair of 
ordinary active prominences when two 
centers of attraction developed beneath 
the connecting streamers and pulled 
them into the sun. 

On October 6, 1942, an interactive 
prominence which appeared on the west 
limb of the sun developed into an erup- 
tive prominence. When first seen it was 
a pair of comparatively small promi- 
nences consisting of one 35,000 kilo- 


meters high pouring fine streamers into 
another 14,000 kilometers high 60,000 
kilometers south of it. By early after- 
noon the pair of prominences were fused 
into a single unit which had risen to 
more than 100,000 kilometers and pho- 
tography was continued until it was lost 
in an overcast sky at 23** 24“ G.C.T. 

From the monochromator film on 
which exposures were recorded at 1-min- 
ute intervals we have selected the 6 ex- 
posures at 23-minute intervals shown in 
the accompanying photograph. In the 
first exposures the prominences are seen 
blended into a triangular form. This 
grows into a column which bends over 
and a streamer is pulled back upqaftt tb<j 
sun as the prominence rises. 

This prominence moved along a tra- 
jectory which, extended backward to the 
sun, made an angle of 34° to the solar 
radius. The measures of the distance of 
the top of the prominence from the sun 
were made along this trajectory which 
was sensibly straight and the resulting 
time-distance diagram is shown in Fig. 2. 

The straight lines shown in the photo- 
graph indicate that the velocity was con- 
.stant, except when it increased rather 
abruptly at intervals. The slopes of the 
lines indicate velocities of 14, 21 and 42 
kilometers per second. In other eruptive 
prominences which we have studied each 
velocity is usually a small hole multiple 
of that preceding. This case illustrates 
one of the variants in which an inter- 
polative velocity appears although we 
can not tell whether it is the first or 
second velocity since they are both fac- 
tors of the . third. 

From this brief account of the present 
state of our knowledge of interactive 
prominences it will be seen that evidence 
is accumulating which indicates that the 
active and interactive types have com- 
mon characteristics. 

Edison Pettit 
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QUALITY OF THE FOOD SUPPLY AND THE 
NEED FOR ITS CONTROL 

By RUSSELL M. WILDER, M.D. 

CmiPy CIVILIAN FOOD REQUIREMENTS BRANCH, FOOD DISTRIBUTION ADMINISTRATION, UNITED STATES 
DEPARTMENT OF AGRICULTURE; PROFESSOR OF MEDICINE, ON LEAVE OF ABSENCE 
FROM STAFF OF MATO CLINIC, ROCHESTER, MINNESOTA 


Abnormal mental attitudes, unhealthi- 
ness and inefficiency are attributed in 
large part to malnutrition. Their pre- 
vention ranks in public health impor- 
tance with prevention of disease. 

Programs of public education in nutri- 
tion are handicapped by defects in the 
quality of many foods. When common 
foods lack the nutrients they ought to 
have, planning diets that are adequate 
in all particulars involves more discrimi- 
nation in food selection than is to be ex- 
pected of average persons. Regulation 
of the nutritive qvMity of foods is a 
responsibility which government must 
accept. This is basic to successful plan- 
ning for the peace. 

Provisions can be made sufficient to 
win “freedom from want for all men 
everywhere, “ but fr^eedom from want 
of food cannot be won without attention 
to the quality of the food provided. 
Men starve with hidden hungers in the 
midst of plenty. 

*••••• 

A national handicap for times of peace, 
a calamity for times of war — ^thus were 
described the qualitative shortcomings of 
many American diets in some of the dis- 
cussion at the National Nutrition C!on- 


ference for Defense which was held in 
Washington, May, 1941. It now is 
widely recognized that the economic as 
well as the physical security of nations 
largely depends on the nutritional condi- 
tion of their populations. The ability 
and even the desire of any people for co- 
operative endeavor or exertion rests to 
no small extent on the nutritive quality 
of the food available. The Germans 
learned this from their defeat in World 
War I. In consequence they early put 
to work the newer knowledge of nutri- 
tion, which accounts in part for their 
early accomplishments in this later war. 

In the present war the scientific control 
of food which the English government 
established has resulted in an actual im- 
provement of the nutritional condition 
of the British population. The gain has 
been accomplished in spite of the fact 
that food shortage in Great Britain has 
been much more serious than it was in 
World War I.' Hostile submarines have 
been more destructive, and when the Ger- 
mans invaded Scandinavia, the low coun- 
tries and Prance, they cut off a third or 
• 1 *‘Food Control in Great Britain, Studies and 
Boports, series B (Economic Conditions No. 
35).” Montreal, International Labour Office, 
1942 . 



296 


THE SCIENTIFIC MONTHLY 


more of normal food supplies to the 
British Isles. 

The successful management of foods in 
Britain has been so convincing of the 
value of scientific guidance in policies af- 
fecting food that British leaders, conser- 
vative and liberal alike, expect their gov- 
ernment, at the conclusion of the war, to 
continue present efforts directed at in- 
creasing efficiency of distribution, with 
subsidies, where subsidies are necessary, 
to insure that the most necessary foods, 
such as milk and fruit, reach those too 
poor to buy them.^ They also expect con- 
tinued efforts to influence production of 
better foods, and to fortify with vitamins 
and minerals where this is necessary to 
improve a food which forms a large part 
of the diets of the population. Reinforce- 
ment of oleomargarine with vitamins A 
and D is an example. This already has 
been made obligatory. The milling of 
flour in such a way that more vitamins 
are retained or the alternative addition 
of vitamins removed in milling also is 
obligatory. These are examples of recog- 
nition by the British government of a 
need for standardizing foods for quality. 

In the United States public interest 
in food values and in food supplies is de- 
veloping rapidly. At the National Nu- 
trition Conference* already mentioned 
many disagreeable facts were brought 
into the open. Production of food was 
ample but distribution and preparation 
for consumption were at fault so that in 
the midst of plenty many persons failed 
to receive the nutrients they ought to 
have. 

The recommendations of the confer- 
ence were given prompt attention. A 
national nutrition program was under- 
taken, with direction provided by the 
OflBce of Defense Health and Welfare 

* ** Proceedings of the National Nutrition Con- 
ference for Defense,** May 26-28, 1941. Fed- 
eral Security Agency, Office of the Director of 
Defense Health and Welfare Services, United 
States Government Printing Office, Washington, 
D. C., 1942. 


Services. Committees on nutrition have 
been set up at state and local levels. In- 
formation about food and diet is now 
distributed by many organizations, 
national and local. Particular attention 
is directed to improving tne diets of 
workers in defense plants.® 

Through the stamp plan and by other 
mechanisms of the Agricultural Market- 
ing Administration (now absorbed by the 
Pood Distribution Administration) nu- 
tritionally better food has been made 
available to some low income groups at 
prices which enable them to buy it. 
These measures have been in effect for 
several years, but on March 1, 1943, the 
stamp plan was suspended. However, 
some direct distribution of commodities 
purchased by the Administration to pub- 
lic assistance families will continue. 
School lunches and distribution of inex- 
pensive milk, although under way for 
several years, are now receiving more 
attention. America owes much of what 
improvements have been made in the 
quality of its bread and flour to patriotic 
volunteer endeavors of its baking and 
milling industries. The rapidly growing 
use of enriched flour and bread and of 
fortified oleomargarine is gratifying. 
However, even the battle for better bread 
and butter will not be won until adequate 
standards for enriched flour and fortified 
oleomargarine apply to all bread and 
flour and to butter as well as to butter 
substitutes. 

In this country, as in Britain, the be- 
lief is entertained that the ground al- 
ready gained on these food fronts has 
set nutritional frontiers, and \ that these 
frontiers, with the coming of the peace, 
should be advanced not only in our coun- 

» The British have shown that industrial pro- 
duction can be speeded up by providing well 
planned extra meals to workers in defense plants, 
and the Imperial Government Institute for 
Nutrition in Tokyo has operated kitchens for 
many years in various parts of Japan where 
diets of high value are scientifically prepared 
and served at minimal cost to factory workers. 
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tries but throughout the world. The 
questions now to be considered are how 
to hold the ground that has been won, 
and how to push ahead toward the goal 
of providing food that will more as- 
suredly supply the nutrients required 
for vigorous minds and bodies. 

Education in Nutrition 

It is not to be supposed that when the 
war is won public interest in nutrition 
will continue as at present. In ordinary 
times people eat what pleases them with 
little thought of what food does to them. 
For a hundred years physicians have 
inveighed against denatured foods, and 
for more than twenty years nutrition- 
ists have urged the greater use of what 
are called protective foods — milk, fruit, 
aud leafy green and yellow vegetables. 
’Results of all this education before the 
war were disappointing, and even with 
the impetus engendered by the war and 
appeals to patriotic motives, such educa- 
tion is not at present reaching those per- 
sons who need it most — the under- 
privileged who neither read nor listen. 

I want it clearly understood that I am 
not disparaging the importance of nutri- 
tion teaching — far from it! Much has 
been accomplished by this teaching, and 
the effect of it is sure to influence post 
war thinking. Also, if any progress is to 
be made in securing foods of better qual- 
ity, public demand for better quality 
must be created. This requires educa- 
tion. My point is only that nutrition 
teaching cannot be depended on to do the 
job alone. Appeals to health, as I have 
said, are ine^ective. Add to this the com- 
petition from a powerful array of appeals 
to taste by purveyors of foods of doubt- 
ful value and the problem grows in mag- 
nitude. Food industries by their adver- 
tising reach people by the thousands for 
every man or woman instructed by the 
teacher of nutrition. Education at its 
best is a slow and painful process, and 
timely execution of the recommendations 


of the National Nutrition Conference will 
require something more than education. 

PuBuo Health Activities and Appli- 
cation TO Nutrition 

Today’s problem of improving diets 
is much like that which confronted those 
who wanted better sanitation some fifty 
years ago. The public educator in sanita- 
tion had met with only fair success by 
1890 and the regulatory procedure, which 
later was dramatically effective, had not 
as yet been widely undertaken. 

The origin of the English Code of 
Sanitary Legislation is attributed by 
Garrison to a popular reaction which 
started, in the first lialf of the nineteenth 
century, to the let-well-enough-alone doc- 
trines of Adam Smith, James Mill and 
Malthus. They and other professors of 
the so-called dismal science held that 
poverty and distress were unavoidable, 
since increase of population must occur 
at a more rapid rate than increase in the 
means of subsistence. The fallacy of 
that conclusion was revealed in the writ- 
ings of Victor Hugo and Charles Dick- 
ens. Production of goods was seen to 
depend on the industry and ability of 
the people who produce them, and the 
ability to produce to lie in the health and 
vigor of the population. At the begin- 
ning of this interest in public health 
much emphasis was placed on food. The 
early English writers on hygiene attrib- 
uted the sickliness of the people of the 
slums of London and other English fac- 
tory towns to insuflBiciency of food. On 
the continent of Europe, a century be- 
fore, Johann Frank had demanded free 
meals for children and other measures 
for bettering the nutrition of the poor. 
This interest in food later waned, mainly 
because the discoveries of Pasteur, Koch 
and their successors showed that many 
diseases were bacterial in origin. Atten- 
tion to the food supply came to be cen- 
tered almost wholly on questions of food 
contamination. 
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At the turn of the century it was com- 
monly believed that lack of sanitation^ 
personal or environmental, was respon- 
sible for almost all disease and that 
cleanliness was the answer to the major 
hygienic problems. However, teaching 
that water should be boiled before drink- 
ing, and that the private privy should be 
screened, proved ineffective in prevent- 
ing epidemics of typhoid fever. Teach- 
ing that milk carried germs and there- 
fore should be boiled before consumption 
was also ineffective. Boiling changed 
the taste of milk and people were not 
willing to accept the change in taste. 
Jacoby^ advocated boiling milk in 1873. 
He wrote in 1895 “that if raw milk could 
always be . . . fresh and untainted it 
would require no boiling, but . . . scar- 
let fever and diphtheria are met in the 
homes, about the clothing and on the 
hands of dairy men and women and 
typhoid stools are mixed with the water 
which is used for washing the utensils. 

It finally became obvious to men of 
vision that something more than educa- 
tion was required. Charles North* had 
this to say of milk: “If milk infections 
were so serious a menace . . . and if the 
prevention of such infections was a pub- 
lic health measure of such importance, 
then pasteurization of milk in the homes 
by the consumers themselves was a rem- 
edy wholly inadequate to secure the re- 
sults desired. Only a small fraction of 
the population could be expected to use 
this process, and even when used it must 
necessarily be accompanied by intermit- 
tance, irregularity and unreliability." 
A few years later in very many of the 
towns and cities of the United States and 
other countries pasteurization in the 
dairy was required by regulation, the 
safety of water supplies had been as- 
sured and sanitary systems for disposal 
of sewage had been adopted. 

A dramatic fall in the death rate has 

^ Bavenel, M. P. * ' A Half Century of Public 
Health.” New York, American Public Health 
Association, 1921, pp. 76, 82, 271-273. 


followed the introduction of these and 
other similar regulations. Longevity in 
the United States has almost doubled 
since 1882. The services of public health 
have every reason to be proud of this 
achievement, although it also must be rec- 
ognized that extending length of life does 
not alone imply creating a more healthy 
life. “If the reasoning ^low death rate 
therefore good health' is sound, then if in 
an institution filled with incurables there 
is no death, the death rate becomes nil 
and consequently the institution the 
healthiest in England, though there is 
not a single healthy person in it."° In 
point of fact, good health depends as 
much on diet as it does on cleanliness. 
“Uncleanliness and faulty food are part- 
ners in disease production — the one the 
coadjutor of the other."® “To add life 
to years as well as years to life" must be 
the aim. 

The comment of Charles North rela- 
tive to the need for public control of 
sanitation applies as well to the present 
problem of improving the quality of 
diets. If prevention of the ill effects of 
poor diets is as important a public health 
measure as is believed, how can it longer 
be considered reasonable to permit the 
marketing of foods which fail to carry 
the nutrients which people ought to find 
in themf Surrounded as consumers are 
with inferior foods, the fraction of the 
population which can be educated to ex- 
ercise the discrimination necessary to 
select a good diet must be very small. 
On the other hand, if the nutritive qual- 
ity of the more important foods could be 
assured by public regulatio:j, the prob- 
lem would be nearly solved. People 
then would find themselves in a nutri- 
tional environment in which it would be 
difficult to go wrong, instead of, as now, 
in a situation in which it is difficult to 
go right. 

5 McOarrison, Robert. ‘ * Cantor Lectures I, II, 
III. Nutrition and National Health.” koy, 
Soe, Arts, J. 84: 1047-1066 (Aug. 28); 1067- 
1083 (Sept. 4) ; 1087-1107 (Sept. 11), 1936. 
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iMPEEFECnONS OP THE FoOD SUPPLY 

Experiments performed under my di- 
rection® confirm the views of many others 
that the present food supply is most un- 
satisfactory. In these experiments mea- 
sured foods, of which the composition 
had been determined by analysis, were 
fed to volunteers. The amounts of each 
food given were such as to make the diet 
simulate the hypothetical average Amer- 
ican diet of 1939. In other words, the 
calories provided by white flour (unen- 
riched) represented 25 or 30 per cent of 
the total calories consumed, and calories 
from other vitamin poor foods, such as 
sugar, polished rice, cornstarch, corn- 
meal and the like, provided another 15 
or 20 per cent of all the calories. This 
diet contained a fair portion of meat, 
butter, a small salad of fresh vegetables, 
as well as processed fruits and vegeta- 
bles, and yet despite the presence of these 
“protective foods “ the subjects who 
lived on the regimen for several months 
developed serious disabilities. These 
could be prevented by adding a pint of 
milk and by selecting vegetables and 
fruits which contained more vitamins, or 
if the bread used was enriched bread or 
whole wheat. The point is that a diet 
containing as much unenriched white 
bread and sugar as people commonly 
consumed in 1939 can only be made ade- 
quate by a very wise selection of the 
balance of its foods. In point of fact, 
with consumption of flour and sugar at 
present levels, even if the flour is of the 
enriched or whole wheat flour variety, 
the nutritional situation in this country 
is one in^hich the necessity for dis- 
criminating diet planning is greater than 
can be viewed with equanimity. 

The major current problems of nutri- 
tion are created by commercial proc- 

« Williams, E. D., Mason, H. L., Power, M. H., 
and Wilder, A M. * ' Induced Thiamine (vitamin 
Bj) Deficiency in Man: Eolation of Depletion of 
Thiamine to Development of Biochemical Defect 
and of Polyneuropathy." Arch. InU Med, 71; 
88-63 (Jan.) 1948. 


essing of foods. Flour and sugar are 
the worst offenders in the Occidental 
countries because of the magnitude of 
their contribution to the diet. The bread 
grains represent a most important source 
of certain vitamins, but in converting 
wheat into white flour from 86 to 90 
per cent of one of these vitamins (vita- 
min Bi, thiamine) is lost and from 60 
to 80 per cent of another vitamin 
(niacin) is removed. Minerals are also 
lost; chief of them is iron. The answer 
to this white bread problem is either 
the preservation or the restoration of 
these nutrients. 

Sugar presents a somewhat different 
problem. Sugar is the purest food known 
— innocent almost of any vitamin con- 
tent — and its consumption has replaced 
much of the consumption of flour of 
earlier times. In effect, sugar constitutes 
an adulteration of the diet because the 
flour it replaced was not the vitamin poor 
white flour of the steel roller milling of 
the present, but the coarse gray vitamin 
rich product of the stone milling of the 
past. What to do with sugar is a puzzle. 
Some restriction of consumption appears 
to be the only answer.^ 

Rice contributes as much as 80 or 90 
per cent of the calories of the diets of 
some populations of the Orient. It also 
is used extensively by some portions of 
the American population, notably in the 
Philippine Islands, in Puerto Rico, and 
in certain communities of the lower part 
of the Mississippi valley. Extensive 
milling, so-called polishing, removes the 
vitamins from rice and this processing is 
responsible for untold human suffering. 
It is high time for action in this matter. 
It is nearly fifty years since proof was 
brought by Christian Eijkman that com- 
mercial processing of rice was the cause 
of the “epidemic^' beriberi of the Orient. 
In some parts of the world beriberi is 

7 Council on Foods and Nutrition. * * Some 
Nutritional Aspects of Sugar, Candy and Sweet- 
ened Carbonated Beverages." J, A, M, A, 120; 
763-765 (Nov. 7) 1942. 
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responsible for more than a fourth of all 
diseases. A standard of identity and 
quality for rice which included the pro- 
vision that a certain percentage of the 
outer skin should be retained would 
solve this problem.® 

Methods of canning as now provided 
by the industry are excellent for the 
most part, but in some canneries control 
is lacking and thus some foods are 
grossly injured in their canning. An ex- 
ample is tomato juice which is much in 
demand, not only because of its pleasing 
taste but also because the public or a 
part of it has learned to recognize the 
tomato as a good source of the anti- 
scurvy vitamin, ascorbic acid (vitamin 
C ) . Yet among thirty samples of tomato 
juice tested for their content of this vita- 
min at the Connecticut Agricultural Ex- 
perimental Station, only three contained 
an amount equal to what may be re- 
garded as average for fresh tomatoes. 
Six samples contained 15 milligrams per 
100 grams or less, representing only 60 
per cent or less of what should be ex- 
pected in tomatoes.® At the same labora- 
tory analyses were made of forty-nine 
samples of orange drinks. The results 
showed that few of these drinks con- 
tained significant amounts of vitamin C 
and that twenty-nine had a vitamin C 
potency of less than two per cent of 
fresh orange juice. This is a matter of 
great importance because orange drinks 
are associated in the minds of the con- 
sumer with a high content of vitamins, 

» Vodder, E. B. < ‘ Beriberi. » » New York, Wil- 
liam Wood & Co., 1913. 

»Dr. L. A. Maynard, Director of the Cornell 
Nutrition School, has stated that studies with 
tomato products caused surprise at the large 
losses in canning, as carried out by some lead- 
ing producers. ‘‘It is interesting, ' ' he further 
stated, “that with the recognition of the need 
for ‘protective foods’ measures were taken to 
increase yields and ‘market quality’; vegetables 
and fruits were bred for drought resistance, cold 
and disease resistance, etc., but in all of this 
development little attention has been paid to the 
real reason why these foods are needed in the 
diet — their content of nutrients which make 
them protective.’’ 


and the teachers of nutrition are teach- 
ing that it is difficult to prevent scurvy 
without including citrus fruits in the 
diet. 

Numerous other examples can be cited. 
The Bureau of Home Economics of the 
United States Department of Agriculture 
prepared a compilation of vitamin values 
of foods as recorded in the scientific 
journals published up to December, 
1940.^® The lengthy tables provide the 
data, not only for fresh or uncooked 
foods, but also for foods after storing, 
cooking and commercial processing. The 
review reveals conclusively the need for 
controlling the nutritive quality of proc- 
essed foods. For example, the content of 
vitamin A of different samples of butter 
ranged from 27,000 to as little as 2,800 
international units to the pound. Green 
peas, by rights, ought to be a product on 
which dependence can be placed to com- 
pensate for the small amounts of thi- 
amine contained in other vegetables. A 
reasonable expectation for thiamine in 
peas is 390 micrograms per 100 grams; 
which represents about a third of a 
day^s requirement of this vitamin. Some 
samples of processed peas contained as 
much as this or more; others contained 
half as much or even less. Several 
samples of canned salmon contained 500 
international units or more of vitamin A 
per 100 grams; but other samples con- 
tained less than one-tenth of this amount. 
Methods of processing are responsible for 
many of these differences. Meats suffer 
greatly in their content of thiamine 
when subjected to the high temperatures 
developed in autoclaving. sample of 
canned pork, for instance, which assayed 
when raw 1800 micrograms per 100 
grams contained, after preheating at 
fifteen pounds of pressure, only one- 
eighth of this amount. Pork is a meat 

i«Booher, Lela E., Hartzler, Eva B. and 
HewBton, Elizabeth M. “A Oompilation of the 
Vitamin Valuee of Foods in Belation to Process- 
ing and Other Variants.” (Oircular 638) 
United States Department of Agriculture, May, 
1942. 
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unusually rich in thiamine and its oc- 
casional consumption does much to pre- 
vent the development of deficiency from 
the scarcity of thiamine in the average 
diet. 

A problem even more serious than that 
created by canning is presented by the 
processing of foods by dehydration. 
This method for preserving perishable 
commodities promises to become very 
popular. Costs of transportation can 
be minimized by dehydration to the ad- 
vantage of the consumer. However, un- 
less the dehydration of the food is done 
with care, heat-sensitive constituents are 
lost. This industry, unfortunately, is 
new and not well organized. Many new- 
comers in the industry lack knowledge of 
the diflSculties involved and possess in- 
adequate facilities for controlling their 
procedure. It also appears that losses 
of vitamins C and A result from long 
storage of dehydrated vegetables. There 
fore the labels of such products should 
be dated. They should also carry a state- 
ment of vitamins C and A values on re- 
hydration after storage for some months. 

Existing Food Control in the 
United States 

Consumer interest in food has mainly 
been directed in the past at protecting 
pocketbooks and preventing poisoning. 
The issues have been package size, pack- 
age labels, physical quality^^ and purity. 
The laws were known as pure food laws. 
Filth and decomposition were vigorously 
and effectively combated. However, it 

Among the rocommendations of the Sec- 
tion on ij^onomic Policy, Section II, of the 
National Nutrition Conference for Defense 
(Proceedings, p. 96) is one which would favor 
*'the extension of grade labeling of foods and 
the revision of Federal grades of fresh fruits and 
vegetables to reflect differentials in nutritive 
value. * * Another (p. 97) would favor * * the pro- 
vision of more information in advertising to 
facilitate the identification and comparison of 
the quality of food and size of container.” 
There is some recognition in these recommenda- 
tions of the importance of control of quality — 
but emphasis on nutrient quality still is lacking 
at this late date. 


should be pointed out that many foods 
are marketed under the supposition that 
they are nourishing when they are not, 
and therefore that exploitation is not pre- 
vented by this degree of food control; 
also to be noted is the fact that effort di- 
rected at increasing purity has resulted 
in many instances in injury to the nutri- 
tive quality of the foods involved. 

Federal legislation for control of food 
has succeeded in correcting many of the 
evil or careless practices of the past. 
Spoilage by insects or bacteria, contami- 
nation with metals, such as lead, or with 
poisonous preservatives have largely 
been eliminated. A processor may not 
dilute his product by the addition of 
adulterants. This prohibition holds even 
if the adulterant used is harmless. The 
reason that harmless adulterants are ob- 
jected to is that their addition to a food 
dilutes the nutritive value of the prod- 
uct. However, this reasoning is not car- 
ried through. In the present interpreta- 
tion of the Federal law it is held that 
there is no provision in the law to pre- 
vent a processor from damaging his 
product by withdrawing or destroying its 
content of minerals or vitamins. 

The standards for foods which have 
been established under the Food, Drug 
and Cosmetic Act'“ are standards of 
identity and are based mainly on phys- 
ical properties. According to earlier 
Regulatory Announcements, they ‘‘are 
not to be confused with standards of 
quality or grade ; they are framed so as 
to exclude circumstances not mentioned 
in the definition and in each instance im- 
ply that the product is clean and 
sound. This is the language of the 

Federal Food, Drug find Ooemetie Act and 
General Begulations for its Enforcement. 
United States Department of Agriculture, Ser- 
vice and Regulatory Announcements, Food and 
Drug Administration, August, 1939. 

13 Definitions and Standards for Food Prod- 
ucts for Use in Enforcing the Food and Drugs 
Act. United States Department of Agriculture, 
Service and Regulatory Announcements, Food 
and Drug Administration, Revision 5, November, 
1936. 



302 


THE SCIENTIFIC MONTHLY 


regulations. Responsibility for the nu- 
tritive quality of foods is disclaimed, and 
yet in some cases definitions of identity 
do make reference indirectly to nutritive 
constituents. For example, the defini- 
tion for oatmeal^® prescribes that the 
amount of nitrogen contained shall not be 
less than 2.24 per cent. This specifica- 
tion relates to a content of protein and 
prompts the question why, if a minimal 
content of one nutrient (protein) can be 
required, it might not also be possible, 
under existing legislation, to require 
minimal contents of other nutrients, 
such as vitamins and minerals. 

Methods are now available for testing 
foods for content of nearly all their min- 
erals and many of their vitamins. Were 
nutrient standards to be established they 
could be limited to nutrients for which 
methods of analysis are satisfactory. 
The nutrients most frequently lost from 
foods are those which are sensitive to 
heat or light. Among them are vitamin 
A, thiamine, riboflavin and ascorbic acid. 
Bach of these can be easily identified, 
and if tests for them are made and the 
losses found are small, it is reasonable to 
suppose that the food examined has not 
suffered loss of other vitamins. For ex- 
ample, in the cited definition of oatmeal, 
if a minimal content of only thiamine 
could be required the nutritive quality of 
the product as a whole would be reason- 
ably assured, whereas for lack of such 
control certain brands of oatmeal on the 
market, as well as many other breakfast 
foods, have been subjected in their proc- 
essing to destructive temperatures. 

Individuals in the Food and Drug Ad- 
ministration and the Federal Security 
Agency have not been unmindful of the 
nutritional element in food as a factor 
which could be employed in the formula- 
tion of standards of quality. However, 
up to now the Food, Drug and Cosmetic 
Act of 1939 has been invoked to control 
the nutritive quality of a food only when 
claims have been made for vitamin, min- 


eral or other dietary constituents. In 
case a claim is made for such constituents 
the label on the food must bear certain 
information concerning these constitu- 
ents. For example, enriched white flour, 
as now defined by regulation, must con- 
tain certain vitamins and minerals in pre- 
scribed proportions, and the label must 
tell to what degree the amount of each of 
these vitamins in a given portion of such 
flour contributes to minimal daily re- 
quirements. This is very good, but there 
is nothing in the law as now interpreted to 
make it possible by regulation to prevent 
the sale of white flour which is not en- 
riched. Likewise, if the manufacturer of 
a tomato juice makes a claim for the 
vitamin C in his product, the amount 
claimed must be there and he must indi- 
cate on his label to what degree the 
amount in a given portion of the product 
will contribute to the minimal day’s re- 
quirement of vitamin C. However, if no 
claim is made the produet may contain 
no vitamin C at all and yet be marketed 
without penalty as tomato juice.^* At 
the present time, owing to the absence as 
yet of controlling court decisions re- 
lating to the scope of the administrator’s 
authority in the issuance of regulations 
formulating standards of identity and 
quality for food products, the Food and 
Drug Administration is faced with seri- 
ous legal problems. The courts are in a 
position either to strengthen or to 
weaken the present act, depending on 
whether they will view with understand- 
ing the significance to the welfare of the 
nation of this problem of nutrition. 

The fact that Federal regulation for 

This is an extreme assumption. Beading it, 
Dr. E. M. Nelson of the Food and Drug Admin^ 
istration, in a letter to the author, made the 
comment that he was not sure that such a prod- 
uct could bo marketed without penalty. No cases 
of this kind had come to his attention, but he 
believed that vitamin C is such a weU-recognized 
constituent of tomato juice that a product sold 
under the name * * tomato juice ’ ’ and containing 
no vitamin C would not conform in identity with 
the product ordinarily sold under that name. 
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control of foods can apply only to prod- 
ucts in interstate commerce presents 
some handicaps to effective action in this 
country for control of food supplies. 
However, most of the food that requires 
regulation is shipped across state lines 
and thus comes under Federal regula- 
tion. Also, Federal action in setting 
standards of identity serves to establish 
patterns for legislation by the states. An 
example is the procedure which was fol- 
lowed by the Food and Drug Adminis- 
tration in controlling enriched flour. As 
was stated before, this involved little 
more than the promulgation of a defini- 
tion. It restricted fortification of flour 
with vitamins and minerals to the stand- 
ards established for enriched flour, but it 
in no way prevented the marketing of 
plain or unenriched white flour. How- 
ever, soon after the promulgation of this 
definition the state of South Carolina 
passed a law requiring that all white 
flour sold in the state must meet the Fed- 
eral standard for enriched flour. Louisi- 
ana now has a similar law and other 
states are expected to follow. South 
Carolina and Louisiana also require that 
oleomargarine be fortified with vitamin 
A, again adhering to a standard of 
identity established at the Federal level. 

It is not for me, a physician and little 
acquainted with law or administration, 
to prescribe the means for accomplishing 
what so obviously is necessary to improve 
the quality of the food supply. Existing 
legislation in the United States, if lib- 
erally interpreted by the courts, may per- 
mit the establishment of standards of 
nutritive quality by regulation. Section 
401 of the Food, Drug and Cosmetic Act 
provides; ^Hhat whenever in the judg- 
ment of the Secretary (Administrator) 
such action will promote honesty and 
fair dealing in the interest of the con- 
sumer he shall promulgate regulations 
. . . establishing for a food ... a rea- 
sonable standard of identity, (and) a 
reasonable standard of quality ,* In 
Italics mine. 


my opinion the court could justly inter- 
pret the words “standard of quality “ as 
implying a standard of nutritive quality. 
However, among the foods for which 
standards of nutritive quality are most 
needed, as I have pointed out, are dried 
fruits, dried vegetables and butter, 
whereas the language of Section 401 of 
the Food, Drug and Cosmetic Act goes 
on to state, “provided that defini- 
tion and standard of identity and no 
standard of quality shall be established 
for fresh or dried fruits, fresh or dried 
vegetables or butter. . . .“ In the light 
of this restrictive language some revision 
of the act seems necessary. 

Decisions as to what foods are most in 
need of improving and how their im- 
provement is to be effected should ob- 
viously be based on advice obtained from 
experts in the science of nutrition. The 
Federal Government now has at its dis- 
posal, available at all times for consulta- 
tion, the Food and Nutrition Board of 
the National Research Council. This 
Board is composed of physicians and 
scientists selected from among authori- 
ties in the science of nutrition. The 
membership, for the most part, comes 
from the leading universities of the coun- 
try, and policies having to do with the 
nutritional aspects of food could be 
wisely and impartially guided by such a 
body. Precedent for the suggestion can 
be found in another section (Chapter V) 
of the Food, Drug and Cosmetic Act.^* 
Although, as I have pointed out, this act 
does little to prevent the marketing of 
foods that fail to measure up to any 
standards of nutrient quality, it deems 
a drug to be adulterated^^ (Section 501b) 
if “its strength differs from or its quality 
. . . falls below “ certain standards. 
Furthermore, the standards recognized 
are those established by authorized scien- 
tific bodies and the responsibility of 
these bodies extends to designating the 
tests or methods of assay for determining 
whether the strength, quality or purity 
of drugs meets these standards. 
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Foods in International Trade and 
Their Control 

There is much thought given now, in 
this the fourth year of the war, to setting 
up a world authority which, when peace 
comes, can assume the guidance of inter- 
national relations. There is wide agree- 
ment that the establishment of this 
authority should include an agency for 
reorienting agriculture and that subsidi- 
ary to the latter, but also related to 
whatever body is organized to deal with 
health, an international food administra- 
tion will be required. The objective of 
these proposals is to implement that pro- 
vision of the Atlantic Charter which calls 
for freedom from want *^for all men 
everywhere,’’ as the President said, ‘Mn 
our own day and generation. ” It is held 
that food is the most essential of all 
human needs, and that food adequate for 
health for all is a realizable ideal. Ac- 
complishment of this ideal is expected to 
require a sustained campaign. An early 
responsibility of the authority that has 


to deal with the international aspects of 
this activity should be to set up standards 
of nutritive quality for the major food 
supplies which move in international ex- 
change. If this is done, and if the means 
for enforcing adherence to such stand- 
ards are provided, the food quality prob- 
lem of every nation associated with the 
world authority would inevitably be af- 
fected. Poods which met whatever 
nutrient standards were imposed would 
be designated and presumably could be 
labeled ‘‘Authority Approved” so that 
everyone would know that such foods 
were better foods and hence desirable. 
In consequence manufacturers, proces- 
sors and distributors of food in every 
nation would strive to have their prod- 
ucts meet these standards. The competi- 
tive situation would automatically ac- 
complish such conformance and probably 
most of the nations would adapt their 
standards for foods to those which were 
set up by the world authority. 

Even a small advance in this direction 
would prove immensely beneficial. If 


TABLE 1 

Analysis or English Diets foe Adult Men* 



Calories 

Pro- 

tein, 

gm. 

Cal- 

cium, 

gm. 

Iron, 

mg. 

Vitamin 
A, inter- 
national 
units 

Ascorbic 

acid, 

mg. 

Thia- 

minej 

mg. 

Middle class diet today 

3,310 

110 

0.6 

12.3 

5,170 

70 

1.2 

Poverty diet today ... 

3,000 

78 

0.3 

8.4 

520 

15 

0.66t 

Middle (artisan) class 

diet, 1826 

2,130 

125 

0.2 

45 

1,220 

0 

1.77 

Navy ration, 1811 . 

2,750 

110 

0.7 

18 

2,600 

0 

3.15 

St. Bartholomew’s Hos* 

pital, 1686 ... 

2,600 

80 

1.9 

12 

6,100 

10 

1.89 

Meat-eating classes, XY 

Century 

3,650 

250 

1.3 

50 

7,000 

f 

3.30 

Peasant diet, XV Cen- 

tury 

3,300 

140 

1.2 

21 

1,700 

10-20 

4.20 

Becommended by Food 

and Nutrition Board! 

3,000 

70 

0.8 

12 

5,000 

76 

1.8 


* From J. C. Drumond’s “The Englishman’s Food,” London, J. Cape, 1940. 
t A diet containing as little thiamine as this (0.22 mg. per 1,000 calories) provokes symptoms 
of severe athiaminosis. 

t For moderate activity. 
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flour and rice alone could be controlled 
much good would come of it. One of the 
outstanding faults in the nutritional 
situation of Western Europe and Amer- 
ica, as I have said, is related to the use of 
over-milled white flour. Comparison of 
diets of working class Englishmen and 
Americans in recent years with diets of 

TABLE 2 


Low Income Amebioan Diets of 1926 and 1851 
(For Adult Men) 



“Working 
mens * * diet 
of 1926,* 
gm. 

Low income 
diet of 
1851 1 

Bread and cereals 
(flour in 1851 diet) 

309 

336 

Sugar and sweets 
(sugar in 18.51 diet) 

61.6 

55 

Fats (butter in 1851 
diet) 

53 

27 

Lean meat (meat in 
1861 diet) 

225 

192 

MUk 

278 

50 

Potatoes 

210 

400 

Other vegetables and 
fruits 

35,6 


Calories . 

2740 

~ 2306 

Protein, gm. 

92 

92 

Calcium, gm. 

0.61 

0.26 

Iron, mg. 

0.013 

0.024 

Vitamin A, interna- 
tional units 

1774 

1224 

Ascorbic acid, mg 

62.5 

45 

Thiamine, mg 

lAt 

2.53t 


* Calculated from data in Appendix O, B. O. 
Cummings: The American and his food. Ed. 
2, Chicago, University of Chicago Press, 1941. 

t Calculated from a fifth the values given in 
Weekly Food Budget for a Family of Five, 
Philadelphia, 1941, Appendix F, R. O. Cum- 
mings. The bread-winner of the family prob- 
ably received 2,700 calories. 

t No allowance made for loss of thiamine in 
handling and cooking foods. 

the past (Tables 1 and 2) reveal that the 
later diets provide more vitamin A and 
vitamin C but much less thiamine. The 
change in the supply of thiamine is radi- 
cal. The greater use of greens and fruits 
in recent times accounts for better pro- 


vision of the vitamins A and C. The sub- 
stitution, about 1870, of roller-milled 
white flour for the coarse grayish flour 
of the middle nineteenth century, to- 
gether with the greatly increased use of 
sugar, explains the smaller provision of 
thiamine. The same type of problem, 
but one that is more serious, was created 
for the Orient by commercial milling of 
rice. The so-called polishing of this 
staple removes the major source of thi- 
amine from many Oriental diets. 

The consequence of diminishing the 
supply of thiamine below a certain level 
— and many diets in England, America 
and the Orient provide a supply which 
falls below that level — is to provoke in 
the consumer a change in attitude from 
one of reasonableness to one of apathy or 
even to one of defiance. The scientific 
proof of this already has been published, 
and I submit that correction of this effect 
of thiamine restriction is of even more 
importance to successful planning for 
the peace than correction of all other 
aspects of the ill health caused by malnu- 
trition. Cooperation is not to be ex- 
pected from populations who are poorly 
supplied with thiamine. Probably lack 
of other nutrients is attended with a 
similar effect. It clearly follows, there- 
fore, that regulation of the nutritive 
quality of foods is basic to successful 
planning for the peace. 

Conclusion 

I have limited this discussion to con- 
sideration of processed foods for the 
reason that the faults in them could be 
immediately corrected. However, other 
foods can also be improved in time. The 
so-called natural foods are by no means 
always what they ought to be. The soil 
is poor in certain regions and the prod- 
ucts of such soil fail to contain some 
nutrients that ought to be contained in 
them. This at present is a major topic 
of investigation of the Agricultural Re- 
search Administration. The chemists 
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will in time be able to correct such ab- 
normalities of the soil. The aim of agri- 
culture until now has been at maximal 
yields per acre or at size and appearance 
of the product. The aim in the future 
should be set at high nutritional values. 
Methods and time of harvesting affect 
the vitamin contents of natural foods as 
do methods of storage. All these aspects 
of the problem of nutrition demand con- 
sideration by national and international 
authorities, but first things should come 
first and of first importance, in my 
opinion, is control of those foods, among 
them rice, the bread grains and their 
products, which contribute more impor- 
tantly than any other foods to the total 
calories of the diets of the world. 

Wliatever the means which are adopted 
in this and other countries or by inter- 
national procedure to improve the more 

ASTRONOMY 

Thk American Astronomical Society’s Com- 
mittee on tho Continued Distribution of Astro* 
nomical Literature has just received a packet 
of various German astronomical journals and 
publications from seven German observatories, 
issued in 1939-41 and the first half of 1942. 
The stack, fully eight inches deep, is truly im- 
pressive, not only in bulk but in its evidence for 
continued serious research. Practically every 
branch of astronomy is represented, from his- 
toric research on Mayan astronomy, observa- 
tions of asteroids, meteors, and variable stars, 
to highly technical work in celestial mechanics, 
various astrophysical problems, stellar statistics, 
and so on. Solar research, studies of Cepheid 
variables and of tho zodiacal light are especially 
prominent. 

The annual reports of directors of observa- 
tories give clues as to the effect of tho war on 
tho astronomers themselves. As in the case of 
our own observatories, the Giermaus have had to 
sacrifice some of their promising younger men, 
a few of whom have, indeed, been reported killed 
in action. A number of other deaths, especially 
among the older men, are likewise reported. A 
remarkable percentage of the smaller institu- 
tions seem to have suffered changes in director- 
ship, reflecting tho restlessness of tho times. 
Among the authors of the papers, we note many 
unfamiliar or now names. On the whole, wo feel 
far more impressed by an apparent undying in- 
terest in astronomy than by a fatalistic resig- 


defective foods, corrective action is a 
responsibility which governments must 
accept. The scientific groundwork for 
procedure to improve nutrition has lag- 
ged for many years behind the sciences 
which underlie administration of public 
sanitation. However, the science of nu- 
trition is now full grown and the appli- 
cation of this science is just as urgent as 
prevention of disease by sanitation. The 
real wealth of nations issues from the 
vigor of the people who inhabit them. 
Energy and effectiveness depend pri- 
marily on food. 

What the man of tomorrow is to have 
to eat will determine the kind of world 
that he will build. Thus the quality of 
common foods assumes today immense 
importance. This problem must receive 
attention in present planning for the 
peace. 

IN GERMANY 

nation to complete militarism among German 
astronomers. There is oven evidence that some 
who are occupied in war activities find time for 
volunteer work at their observatories. 

Numerous issues give abstracts of astronom- 
ical papers published in Italy; one, a list of 
those published in Japan. Pleasing, however, 
was the discovery that the numbers of the Beo- 
hachtungs Zirkuliir published in 1942 give the 
indices of our American Astrophysical Journal 
and Astronomical Journal, and of the British 
Monthly Notices and Observatory, This indi- 
cates the efficaciousness in alien territory of 
the efforts of the Committee. 

We also note tho election, since the war began, 
of a Parisian and a Chinese to membership in 
the Astronomische Gesellschaft; and that an 
asteroid, discovered by a German, was named in 
honor of a Frenchman. 

These publications are entirely devoted to as- 
tronomy. Their only reference to the war is in 
the personnel notes in tho directors’ reports. 
They servo no propaganda purposes. At almost 
every meeting of tho International Astronomical 
Union, it has been commented that there are 
no national barriers among astronomers. We 
experience the same feeling on reading this mass 
of Gorman astronomical literature. May our 
common understanding in this science eventually 
be extended to life in general. — Dorrit Hoffleit, 
in * * Sky and Telescope, ’ ’ February, 194S, 



PREFERENTIAL DRAFT TREATMENT FOR 
YOUNG MARRIED MEN 


By Dr. CONSTANTINE PANUNZIO 

DXPABTHENT OF ANTHBOPOLOOY AND BOCIOLOOY, THE UNIVERSITY OF CALIFORNIA, 

LOS ANGELES 


In former wars nations generally con- 
sidered only the emergency of the mo- 
ment and drew upon all men of military 
age regardless of marital status and with- 
out considering the effect on future man- 
power. In general, this haphazard 
practice is still being followed. How- 
ever, the experience of the last war plus 
recent studies of population furnishes 
evidence which indicates that calling men 
of certain ages may produce very serious 
results in terms of future military power. 

The outcome of diverse policies may 
perhaps be best illustrated by recalling 
what happened during the First World 
War in France and England. France, 
in response to the urgency of the mo- 
ment, recruited from all the men of 
military age, regardless of their marital 
status or the reproduction-age to which 
they belonged. The result was that 
Prance had 1,040,000 fewer births dur- 
ing 1915-19 than it would have had if it 
had not been at war. This, of course, 
had no apparent result at the time. But 
twenty years later the loss did have a 
profound effect. When in 1940 Prance 
called its men to arms, it found itself 
with approximately 700,000 fewer men, 
twenty to twenty-five years of age. 
Germany also had fewer births — about 
2,900,000 — as a result of the B'irst World 
War, but Germany was able to make up 
the loss by its larger and rapidly-grow- 
ing population, whereas Prance, with a 
smaller and stationary population was 
unable to do so. At least one scholar 
foresaw the potential danger of that dif- 
ference. In a remarkable statement, 
penned in 1918, Savorgnan, an Italian 
student of population, said that it would 
be between 1935 and 1940 that *‘the 
shadow of that loss in births would 
hang most heavily over Prance. What 


that loss did actually mean to Prance in 
the crucial hour of 1940 no one can 
measure. There is documentary proof, 
however, that German officials were well 
aware of the fact and they seem to have 
timed their attack to coincide with the 
very moment when Prance was weakest 
in manpower. 

England, on the other hand, employed 
a far-seeing policy. Utilizing the knowl- 
edge available at the time as to the high 
proportion of children which the younger 
segments produce, England adopted a 
recruitment method which made possible 
the maintenance of a relatively high 
birth rate during the war period. Briefly 
stated, England's policy generally en- 
couraged child-bearing: (1) it deferred 
married men until the end of 1916, (2) 
it provided family allowances for men 
who married after enlistment, (3) it 
granted generous allowances to the wives 
of enlisted men and for each child, and 
(4) later, it made similar provisions for 
drafted married men. Largely as a re- 
sult of this recruitment policy, the 
United Kingdom was able to sustain its 
birth rate to a remarkable degree. Con- 
sequently, while Prance lost 1,040,000 
births during the War, the United King- 
dom, with a population greater by more 
than four million persons, had only 
650,000 fewer live births than it might 
have had. Moreover, wth a faster-grow- 
ing population, England was able to re- 
pair the loss while Franco was not. 
Inasmuch as these differences bore re- 
sults in terms of effective manpower 
twenty years later, or between 1935 and 
1940, they gave England a greater man- 
power than it would have had if it had 
not followed that policy. And this extra 
strength may have been a decisive factor 
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in the resistance England was able to 
give Germany in 1940. 

In order to realize the effect on future 
manpower when youthful married men 
are called to arms, it is necessary to bear 
in mind that in the United States the 
younger mothers give birth to a very 
large proportion of all children. In 1930 
(the 1940 Census data are not yet avail- 
able), mothers between the ages of 
twenty and thirty-four, inclusive, pro- 
duced 72.6 per cent, of all live births. 
Moreover, within this group, it was the 
mothers between twenty and twenty-four 
who contributed the largest proportion. 
Since males on the average are three 
years older than females at first mar- 
riage, about three-quarters of all births 
occur roughly when the fathers are be- 
tween twenty-three and thirty-seven, and 
within that group the greatest contribu- 
tion is made by men between twenty- 
three and twenty-seven years of age. Or 
if we take into consideration a more 
significant fact, age of conception, the 
men would be twenty-two to thirty-six 
years old for the entire group and 
twenty-two to twenty-six for the more 
productive element. 

In terms of future manpower, then, it 
is a very serious matter to call any con- 
siderable number of the married men 
between twenty-two and thirty-six, and 
even more so to call married men between 
the ages twenty-two and twenty-six. It 
is true that some of these men are ur- 
gently needed ; still, the future strength 
of the nation makes it imperative to give 
some consideration to deferring them, 
whenever possible. It is a striking fact 
that Germany, though facing a far more 
difficult situation, is doing everything in 
its power to maintain or even raise the 
birth rate in the midst of war. 

For the United States the problem is 
even more acute because our military 
forces are stationed far away, which, in 
most cases, renders it impossible for men 
to return home even though on leave. 
Because of this fact, the withdrawal of 
men of the specified ages cuts down 
births at a greater rate and creates more 


of a loss in future manpower than in 
countries close to the scenes of opera- 
tions. 

Likewise, the withdrawal from home 
of married women between the ages of 
twenty and thirty-two, even for essential 
war industry and service, is a matter of 
great concern, since such a procedure 
inevitably decreases the reproduction 
activity of these women. 

Our situation is even more serious be- 
cause the population of this country is 
fast becoming stationary, while the popu- 
lations of some rival countries are still 
growing rapidly. Our present rate of 
increase is barely enough for replace- 
ment, while that of Japan, for example, 
is considerably above it. By 1970, 
Japan ^s total population is expected to 
increase by about thirty millions, while 
that of the United States will add eight- 
een millions. And since the age struc- 
ture of the two nations is markedly dif- 
ferent, Japan will have an appreciably 
greater proportionate increase in man- 
power than will the United States. Any 
loss in births at present on the part of 
the United States will, therefore, be far 
more serious than that which Japan can 
experience. In view of these facts, the 
United States and Japan will face a 
manpower situation somewhat similar to 
that which France and Germany faced 
in 1940. This statement is intended to 
create alarm, but even more to stress the 
full import of the situation. Even if we 
should deal Japan a knock-out blow now, 
in the next generation, we may be obliged 
to confront a nation with an even greater 
manpower than it now possesses. 

As one authoritative voice has ex- 
pressed it, “With a large element of our 
able-bodied men in the armed services — 
and the consequent disruption of family 
life and postponements of marriage — the 
effective fertility of the American people 
is likely to fall below the level required 
to maintain a stationary population. 
Evidently, our population policy must be 
given serious consideration in the coun- 
cils that are guiding the nation through 
its problems in these difficult times.” 



SNOW PERILS AND AVALANCHES^ 


By Profeuor J. B. CHURCH 

MBTBOBOLOaiBT^ KXVADA AOEXCULTURAL EXPEEIKENT STATION; PRESIDENT, INTERNATIONAL OOK- 

MISSION OP SNOW AND OT ACISRS 


Avalanches or ‘‘valley ward’’ snow 
are a mountain phenomenon bom from 
the instability of the snow and early 
named from their spectacular descent 
into the valleys. Their latent peril to 
travelers and habitations has spurred 
detailed study of the evolution of ava- 
lanche snow until under the leadership 
of Wilhelm Paulcke, followed by Willi 
Welzenbach,* Gerald Seligman and the 
Swiss Avalanche Commission,^ a science 
of snow structure has arisen. 

Snow lies between water and ice in 
the degree of its instability but ulti- 
mately approaches the latter. Its co- 
hesion, however, upon which stability 
depends, does not necessarily increase 
with age, but is rather a complex of 
several factors of varying degrees of 
potency active in the snow crystals and 
snow fields. Wide extremes for each 
with abundant exceptions must there- 
fore be assumed. 

Factors 

Basic among all factors associated with 
avalanches is density, including porosity 
and friction, and these are directly af- 
fected by temperature, humidity, pres- 
sure and wind. 

Density, The factor of density runs 

^ This is the fourth in a scries of articles hy 
Dr. Church on ''The Human Side of Snow.'' 
The first appeared in February, 1937, the second 
in March, 1942, and the third in March, 1943. 

a Pupil of Paulcke, who was lost in the Ger- 
man tragedy on Nanga Parbat, in the Himalaya. 

3 An avalanche film has been prepared by the 
Swiss CommiBsion showing the technique of 
study and a lupplemental film by the Swiss 
Army showing methods of rescue. Both are 
now in America in charge of the Intemat. 
Comm, of Snow and Glaciers and the United 
States Quartermaster General's Office. A joint 
sound film is being prepared from the two. The 
former film is available for loan. 


the gamut through wild snow, powder 
snow, packed snow, old snow or fim, and 
the sublimations, surface hoar and depth 
hoar. 

Wild snow, the product of low tem- 
peratures (Seligman suggests -15® C; 
5® F) and perfect calm, has an initial 
density of only 1 to 3 per cent, and 
resembles down, with the ends of the 
plumes just touching. Powder or fluffy 
snow represents the earlier or loose-lying 
stages of fallen snow. The points of the 
crystals interlock and cause a certain 
amount of initial cohesion. Packed 
snow includes primarily cemented snow 
such as sun crusts and wind crusts. Old 
snow or firn is granular and usually 
compacted. 

Surface hoar or ice petals provides a 
soft but stable surface particularly for 
ski but depth hoar or ice cup-crystals, 
which forms beneath crust deposits, acts 
as ball bearings beneath them when dis- 
lodged. This hoar known also as swim- 
snow is considered by Paulcke as ava- 
lanche material in itself. 

The mean relative density of the vari- 
ous types of snow and their porosity is 
recorded by the Swiss Snow and Ava- 
lanche Investigation and Parsenn Ser- 
vice in the table on the next page."* 

New snow may age quickly under high 
insolation or rain. The distinction be- 
tween old and new snow is in crystalliza- 
tion rather than in time i?iterval. 

The figures in the table are for undis- 
turbed snow. The porosity represents 
the vapor-saturated air between the 
crystals. The percentage indicates the 
freedom of vapor and air movement 
through the snow and its consequent 
effect in breaking down or rebuilding 
snow crystals. 

* Lawinen. 
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’Wild snow — «... 

„ Powder snow 

New enow < wind-packed snow 

_ Strong wind-packed snow 

' Depth hoar or swim snow 

Dr 7 packed snow 

Old snow • Wet padced snow 

Dry flm snow 

Wet llm snow 

Ice 

Temperature and Bain. The effect of 
temperature will naturally vary with 
the season, t.e., with the angle of inci- 
dence of the suns rays to the snow sur- 
face. The higher the sun, the more 
rapid will be its effect in maturing the 
snow crystals. Thus summer snow 
passes through the same evolution as the 
snow of winter but far more quickly. 

Furthermore, temperature changes 
are more abrupt and extreme at the sur- 
face of the snow than at depth. Freez- 
ing and thawing alternate at practically 
daily tempo as spring advances. Up- 
ward air currents in the snow deposit 
moisture at the surface and melt water 
is held in temporary suspension in the 
femlike branches of the crystals. 

A fall of temperature below freezing 
immediately creates crust and tension; 
a rise in temperature, as in cloudy 
weather, may persist sufficiently long to 
round the facets of the crystals and even 
provide lubrication. Bain will acceler- 
ate the process. 

The crusts created primarily by tem- 
perature and rain are designated sun 
crust, rain crust, and film crust. The 
last is a very thin ice film over old snow. 

Depth hoar is regarded by Seligman 
as resulting from the freezing and depo- 
sition of snow vapor rising beneath an 
impervious crust, the size of the crystals 
depending upon the amount of unob- 
structed space in which they form. 
Their counterpart is a dry granular fim, 
or com snow, resulting from the subli- 


B^tive 

Absolute 

density 

porosity 

(water = 100%) 

(% air content) 

1-3 

99-97 

3-6 

97-93 

6-10 

93-89 

10-30 

89-67 

20-80 

78-67 

20-40 

78-66 

40-^ 

70-50 

40-70 

66-24 

60-80 

50-20 

91.7 

0 


mation of original snow crystals of an 
entire stratum. 

Wind. In the Alps and mountains of 
western North America the prevailing 
wind is from the southwest. Conse- 
quently the drift snow is accumulated on 
the shaded slopes and thus receives par- 
tial protection from the sun. 

Since the windward slopes are ex- 
posed to the full force of the wind, the 
snow there, except behind obstractions, 
is relatively thin. Since the speed of 
the wind is increased by compression at 
the crests and in the passes, the snow in 
adjacent areas is swept into the wind 
shadow on the lee, where it accumulates 
as snow cushions or “precariously 
perched drifts,” and cornices. The 
latter are close-packed and cohesive. 

Wind packing, as demonstrated by 
Seligman,” is possible only if the wind 
is humid and below freezing, for the 
packing requires cementing icing-up of 
the grains. If the wind is dry the snow 
will remain loose, though fine grained, 
as in snow cushions; but if the wind is 
moist, the snow without further move- 
ment will become compact. 

Wind slab as contrasted with wind 
crust has rounder grains, indicating 
greater wear from drifting and is de- 
posited mainly on lee slopes in the null- 
point of the wind to depths of one inch 

• Snow Stnieture and Ski Fields. However, 
Robert O. Stone (eonunonication) doubts this 
“as at nig^t the eoldness of the snow surface 
raises the humidity above it regardless. Have 
seen wind packing in dry wind as well as moiat.” 



SXOAV PKRILS AXf) AVALAX('I1KS 



turnip ^[ack 


AN AVALANCflK AKKA ON NORTH SIDK OF MT. LINCOLN (DONNER PEAK) 

>PRINO WKT SNOW AVAI. \N('HES ON HARD CKrST, WITH PAHTIAI. IlKEAK-DOWN OP CORNICE. 
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Krnie Aiavk 

QUIET SNOW AT MOUNT ROSE, NEVADA 


to several feet. It is particularly un- 
stable and prone to crack, partly per- 
haps because of expansion from driven 
snow and vapor but mainly because of 
the vacant spaces beneath it caused by 
the settling of looser snow and the conse- 
quent removal of support. The usual 
line of discontinuity between wind slab 
and the crust below and the frequent 
presence beneath it of depth hoar or 
swim-snow increases its tendency to slide 
if its marginal anchorage is broken. 

Gradient and Slopes, The gradient 
of the slopes at which snow deposits are 
stable depends upon the friction or co- 
herence of the snow crystals and snow 
strata. Snow slopes steeper than 22® 
must be regarded with suspicion, says 
Seligman, though old fim snow will be 
stable at 50°. But this is to be regarded 
only as a general rule, for w^et snow ava- 
lanches have come down on a slope of 
only 15°. 


He further suggests that the angle of 
repose for unceniented snow crystals 
may well be that of unconsolidated 
earth. Dry earth has a maximum angle 
of 29°, moist earth 45-49°, but very wet 
earth only 17°. Dry sand will lose co- 
hesion only at 63°, ® 

The high cohesion of moist earth is 
evidently due to the slight film of w^ater 
surrounding the grains and the loss of 
cohesion in wet earth to excessive water 
causing lubrication or floating of the 
grains. Likewise moist snow should be 
most cohesive and wet and water-soaked 
snow least. Wild snow, being almost 
impalpable, should lack cohesion en- 
tirely, while new powder snow, because 
of the interlocking of the plumes of the 
crystals, will be strongly coherent. Sand 

«H. P. Boardman points out, however, that 
dry sand in the mass, whore weight is a con- 
trolling factor, has an angle of repose of only 
20*^ to 35^ 



SNOW PERILS AND AVALANCHES 


313 


SHOW, whose facets are aiiguiar, should 
also bo stable because of internal fric- 
tion, 

Plastkity, Compacted snow, thou|»:h 
possessing? cohesion, is subjected to inter- 
nal stresses by its weif?ht when laekiu" 
support. The result iii}? deformation 
may lead to fracture if forced too far. 
Haefeli" has found that, under similar 
load, compression in {jeneral has a far 
higher breaking: strain than tension. On 
concave slopes, as the base of the dt*- 
(‘Jivity, (compression will occur. On a 
slope of 33^ snow is reported by Fank- 
haus(»r to have crept eleven inches in 
thirtc^en days. However, because of d(‘- 
crease in friction the rate of crec^pinj? in 
various i)arts of the snow cover increases 

7 R. Httcfuli, ‘^Sclinoemoelianik init Hinweiscn 
auf (lie Er<lh.*iuiM<*c]mnik in Dor Holinee uiid 
8cim* MeUnYmrplioMo. ^ ’ 


with heifrht above the ground. If inter- 
rupted by iw.k ribs, shearing? is pro- 
duced. The pressure as on trees or other 
obstructions may be extreme. 

Chang^e in temperature may create 
breaking: strains as shadows strike a sun- 
Avarmed slope and cause expansion by 
freezingr. 

Ayichorage. In tlu^ early Avinter, 
grround and trees may provide sufficient 
anchorafre to i)revent movement of the 
siioAV. Grass slopes, so dear to the herds- 
man in summer, arc a peril in winter. 
In contrast, the brush in America pro- 
Audes comparative safety. But unless 
the points of control are sufficiently higjh 
to exttnid throujrh the increasing: snow 
cover, snoAV crusts may be formed above 
them and produce slip planes upon 
AA'hieh newer snow may become very 



Ernie Mack 

DYNAMIC SNOW; PINNACLES OP MOUNT LINCOLN (DONNEB PEAK) 

ABOVE SUGAR BOWL NEAR DONNER SUMMIT, SIERRA NEVADA. 
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LOOSK-SNOW AVALANCnE8»» 

AT THE UPPER LEFT, BENEATH THE CORNK’E, TWO 
AVALANCHES STARTED FROM NATURAL CAUSES; 
AT THK LOWKR RIGHT, TWO AVALANCHES WERE 
LOOSED BY SKIERS. 

unstable. Only wlieu the snow falls 
sufficiently moist to be consolidated with 
the crust is the aiichorajre extended up- 
ward. 

However, melt w’ater later in the season 
may be caujrht by the crust and cause it 
to become a plane of discontinuity, lubri- 
cated for the descent of the overiyin<r 
snow. Frozen g:rouud, lonj? jrrass, and 
flattened brush may act in the same way. 
Sometimes melt water from steeper 
slopes exposed to the more direct rays 
of the sun may accumulate on [rentier 
slopes below and cause avalanches where 
less expected. 

Types and Speed 

In their most obvious forms ava- 
lanches fall into three main classes; (1) 

8 This picture is printed through the courtesy 
of Schweia. ftehuec- und Luwineieforschung \md 
Parsenndienst, ns well as those on pages 415, 
416, 419. 


Loose-snow avalanches, (2) wind-slab 
avalanches, and (3) ice avalanches. But 
in the order of their seasonal appearance 
they are: (1) Dry soft-snow avalanches, 
(2) wind-slab avalanches, and (3) wet- 
snow avalanches. However, avalanche 
types are frequently complex and their 
season varies with elevation. 

Loose-snow avalan<*h(»s are less depen- 
dent on slide-strata than wet-snow ava- 
lanches and may result merely from an 
overburden of new snow. However, a 
hard-frozen under stratum will greatly 
increase their occurrence. 

The most spectacular but rare of 
winter avalanches is the wild-snow ava- 
lanche that flows even through forests 
and, by its snow-dust, may suffocate a 
man at a distance or i)enetrate closed 
rooms out of its immediate path. 

Snow cushions of loose powder-snow 
slip readily on the crust on which they 
were originally deposited. Steep slopes 
may make whole fields of loose snow 
unstable. Sun-balls caused by the mois- 
tening of cold new snow by the sun are 
often the forerunners of dry avalanches. 
The wind-slab avalanche has not only a 
slip crust but also frequently a depth 
hoar Avhich accelerates its movement. 
But wet-snow avalanches are usually 
caused by warm moist winds that in- 
crease the density of the snow, break 
down the cohesion of the snow crystals, 
and i)rovide melt-water lubrication. 

Ice avalanches, akin to glacier cas- 
cades, occur above cliffs or steep rocks, 
and are usually a glacier product. 

Blasts and Spafd, Th(» blasts that 
sometimes accom^^jany avalanches and 
break off trees far above the ground and 
on either side of their course are caused 
both by the frontal thrust of the snow 
and the suction created by its passage. 
The prerequisite for blasts is a large 
cross-section of dense, swiftly traveling 
snow. As the velocity of the snow de- 
creases at the foot of its slope, the blast 
may overtake it and travel far ahead, 
even to the opposite slope and cause an 
additional avalanche there. 
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The speeil of avalanehes is deperuleiit 
upon the tyj)e and volume of the snow 
and file smoothness and f^^ratlient of the 
underlayer. Dry powder-snow is fast- 
est, damp snow is slowest. Owin^i: to 
friction the speed at the sides and bot- 
tom is slower than that of the center. 
Hence the surf-like movement of the 
mass and the danjier of bein^ drawn 
under it. J. Coaz jyives a mean speed of 
850 kilometers (217 miles) per hour for 
the threat Glarnisch powder-snow ava- 
Innch(» of March 6, 1898, on an averajre 
slope of 44°. In a total distance of seven 
kilometers the avalanche crossed a valley 
of 2 kilometers and climbed several hun- 
dred meters up the opposite wall and then 
flowed back. It started as a wind-slab 
avalanche. The descent lasted only a 
minute and twelve seconds bul seven 
more minutes cla])sed before the snow 
dust had settled. Moujriu and Bernard 
estimate the sjieed of a wet-snow ava- 
lanche at seventeen miles per hour on a 
slope of 45°, 

A volume of one million cubic meters, 
says Selip:man, is not uncommon for both 
powder- and wet-snow avalanches. 

Pkevention and Avoidance 

Avalanches can often be stayed at 
their source by creatinjr an anchorajre of 
contour trenches, terraces, walls, and 
S(«roens of trees. Farther down their 
course, deflectiuf^ walls can be con- 
structed to d(*tour them or split them if 
buildinjrs are in the path. Where ava- 
lanche danger is cumulative, incipient 
avalanches can be brouf>:ht down while 
still ineffective by cuttinjr or explosives. 

Avalanches can often be avoided by 
noting? the nature of the snow and the 
character of the weather. Avalanches 
are most abundant in winter when the 
snow is unstable and storms are frequent 
and changeable. At normal winter tem- 
peratures dry -snow avalanches come 
down only six to twenty-four hours after 
snowfall, when the snowflakes are losing 
cohesion and one to two hours after the 


reappearance of the sun. In spring, 
during periods of sun, wet-snow ava- 
lanches may occur in the afternoon after 
the cohesion of the snow has been less- 
ened. At night falling temperature will 
cement the snow again, but during a 
storm, avalanches may occur at any hour. 
However, no fixed rule (‘an be given, for 
the impulse to avalanche movement is 
complex and difficult to foresee. 

Tfstiufj and Forevaatiug. Tests of the 
teudemdes of susjiected snow fields can 
be made by perforating the snow to de- 
termine the cohesiveness of its crystals 
and crusts. Paulcke inaugurated the use 
of a snow sampler one meter long with 
windows. The Swiss Avalanche Com- 
mi.ssion has installed meters to determine 
the pressure or creep of the snow and 
uses a field ram to determine snow re- 
sistance or cohesiveness. Tests of both 
tensile strength and compn^ssibility are 



STARTING AN AVALANCHK 

KY MEANS or A TRENCH MORTAR. THE SHOT 
EXPLODED IN THE PART OP SNOW RANK SHOWN 
NEAR THE UPPER RIGHT HAND CORNER OP THE 
PICTURE. 
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Hoy LindquM 

LITTLE COTTONWOOD CANYON, WAHATl^Jl RANGE, UTAH 

8NOW8L1DK8 OCCURRED ON RUSTLER MOUNTAIN, AT LEFT, IN APRIL, llHl. NOTE THE ALTERNATION 
or OPEN SLOPES AND CLUMPS OF TIMBER. 



CONTOUR TKKNOHING ON A SLOPE TO PROVIDE AN(3HORAGE FOR SNOW 
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also made in the laboratory. Time pro- 
files of the changing snow cover are kept. 

On the foundation of such profiles, 
provided they can be used to interpret 
snow conditions at other elevations in the 
region, forecasts of avalanche tendencies 
under prevailing or impending weather 
can be made. 

A hypothetical but elassu*. forecast is 
given by Seligman : 


Feb. 

3-5 

Pine weather 

Peb. 

6 

Thaw conditions up 
to 7,000 feet 

Feb. 

8 

Rain up to 6,000 f(‘ct 
changing to 

Feb. 

9 

Snow (8 inches fell at 
5,000 feet) with 
S.W. wind 

Feb. 10 

Pine weather and 
temperatures of 
about -6^ C. (21^ 
P.) at night 


“The skier would know that up to 
7,000 feet the snow of February 9th 
would be well bound to its underlayer, 
having fallen wet on a thawed or wet 
surface. Therefore it would be safe as 
soon as it had settled. This would oc- 
cur in a day or two on south and in about 
three days on north slopes, no very low 
temperatures having beeji recorded. 

“On jiorth slopes, above 7,000 feet, the 
new snow would have fallen on old 
])owder, the fine spell of February 3d to 
5th not having been long enough to build 
a crust, except where the sun’s rays fell. 
Thei’efore here, too, it would be safe if 
the total depth of powder were not ex- 
cessive; but he would bear in mind that 
the eight inches which fell at 5,000 feet 
would i)robably be 12-15 inches at 9,000 
feet, and more where drifted by wind, 
and this ought to be given time to settle, 

“On south slopes above 7,000 feet all 
the snow that was coming down would 
have fallen oft as avalanches, well wdthin 
the three to four days’ grace which the 
other conditions merited. 


“Having made a note of the wind at 
the time of the fall, he would know, too, 
that most of the new snow on the south 
and southwest slopes would be blown 
away, or packed hard, but he would exer- 
cise corresponding caution on north 
slopes where the snow would be lying as 
wind slabs or cushions of great depth.” 

Rescue 

Two novelties in rescue of snow-moun- 
taineers should be mentioneel for their 
extraordinary value. When traversing 
suspicious slopes the Swiss mountaineer 
unrolls a ball of twine that trails behind 
liim to indicate the location of his body 
in case he is buried by a snow slide. As 
in drowing, resuscitation may be possible 
if not too long delayed. 

In bringing a victim down from the 
snowfields, a toboggan, if available, is 
equipped with a pair of shafts made from 
his ski and ski-poles to steer and control 
it. Thus a single skier between the shafts 
can easily and quickly make the descent. 
Without shafts, dual control, front and 
rear, by ropes would be necessary and 
valuable time* and strength thereby 
wasted. 

If only one ski is broken and a ski com- 
panion is present, the mishap can be 
quickly adjusted by making up a three- 
legged party with the middle ski shared 
mutually between the two. A leg band 
provides the essential consolidation. By 
this means in the High Sierra Nevada a 
snow survey party made its escape in the 
face of night to the shelter cabin several 
miles di.stant. Mutual balance and con- 
trol are essential but can probably be at- 
tained better side by each than by riding 
tandem on a single pair of* ski. Dogs suf- 
ficiently small have ridden tandem to 
their master on a single ski, and a heavier 
dog rode contentedly in his master’s 
knapsack. 

The American Setting 

Although the Alps because of their 
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A BESTLESS SNOW SLOPE OX THE XOKTH FACE OF MOUNT LINCOLN (DONNER PEAK) IN SPRING 

THIS SLOPE 18 USED BY DARIXG 8KIEKS POB A QUICK DESCENT TO DONNER LAKE, 2,000 FEET BELOW. 



SNOW PERILS AND AVALANCHES 


319 


precipitous ridges is the home of the ava- 
lanche, many of the American ranges 
harbor perils as great but less expected. 
The sharp ranges of the Great Basin, 
such as the Wasatch of Utah, the Wal- 
lowa of Oregon, and the Ruby of Nevada, 
are spectacular and tragic. Winter 
mountaineers can sel(»ct their time and 
their (tourse, but winter habitations and 
snow-surveyors wdiose route and schedide 
are fixed have little or no deviation from 
latent danger. 

In the Wasatch on January 30. 1911,” 


tremendous because from the upper cliffs 
to the lower cliff the air-line distance is 
one-half mile.’’ 

In the Wallowa and Ruby Mountains 
evidence of avalanche speed has been 
found in trees sheared off midway by the 
blast and in the latter a snow-survey 
course in the floor of the canyon has been 
littered by snow debris. Parties should 
traverse th(» avalanche areas only at 
night or early morning while the snow is 
still frozen. Ultimately the snow sur- 
veyor will ride over them in an autogiro 



KKSCUE TOB()G(iAN ON DESCENT UNDER COMPI.ETE CONTROL 


high u]) in Big Cottonwood Canyon ‘‘a 
slide began near the brow of a cliff where 
the wind for weeks had banked up the 
snows corning from the tops of the ridge. 
Breaking from its foundation under the 
influence of heavy rain, snow and slush 
rushed down the mountain, poured 
across a gideh, which had diverted all 
previous slides, ripped away long-stand- 
ing trees, and rushed over a small sec- 
ondary ridge to drop off the edge of an 
80-foot sheer cliff onto the buildings of 
the Utah Mines Coalition Company. The 
momentum of the slide must have been 

® Roy E, Lundquist, ^ * SnowsUdea and Their 
Causes (niimeo.), U. S. Weather Bureau, 
Jan. in, 1941, p. 11. 


or helicopter to the safer snowfields 
above. 

Two tragedies in recent years have 
occurred among snow-surveyors in the 
line of duty. Both were U. S. Fore.st 
Service men familiar with their routes 
and experienced in forest-craft. But 
their deaths were unintentional suicide. 

In the Wasatch Leo M. Mayfield and 
two companions were traveling along a 
contour trail at 7,000 feet elevation 
Avhere outcropping ledges of about 80 to 
85 i)er cent, slope alternated with for- 
ested slopes of about 60 per cent. As re- 
ported to the author by George Stewart, 
“The snow seemed to be rather unstable 
and it is reported that one of the men 
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Roy K. Lindquist 

ALTA PASS IN WASATCH RANGE, UTAH 

THE OR CORNICE, IS 16 FEET HIGH. NOTE THE SNOW SLIDES BELOW. 


was carried down the hillside 15 or 25 
feet in a surface movement of powdered 
snow. The men continued on but finally 
decided to give up work for the day be- 
cause conditions were unfavorable as it 
was snowing and low-hanging clouds 
prevented reasonable visibility. 

^‘They retraced their course along the 
contour trail and then followed the edge 
of the timber to avoid the place where 
the snow had slipped slightly before. 
The party w^as so close to the timber that 
th(*y ])robably could have reached out 
and lield on to tree branches or kept a 
short distance inside the timber. May- 
field, who was leading the party, was 
apparently cros.sing over a rock outcrop 
which was concealed by three or four 
feet of relatively loose, light snow. The 
snow gave way with a report that 
sounded much like the explosion of a 
light field gun, and he was carried down 
the mountain so rapidly that his com- 
panions were unable to determine for 
the moment just what had happened. 
Then, too, the clouds, falling snow, and 
flying pow’dered snow obscured their 
vision. 


“It is difficult to escape the conclusion 
that this was a freak accident and 
probably would not happen to another 
crew traveling the same country again 
in a thousand times. The point where 
Mayfield started the slide was limited 1o 
a small area of exposed rock probably not 
more than fifteen feet sipiare, and it is 
believed that had he traveled only a few 
feet above or below* this point the slide 
wrould not have occurred. His weight 
caused the snow on the roi'k to give w^ay 
suddenly and a general slide occurred. 
There was no snow movement ten feet 
back of Mayfield where his nearest com- 
panion was located w hen the snow broke 
beneath him.“ 

“The passage of the slide through a 
small group of fir trees and then on to an 
area covered with rather tall oak and 
maple suggests that slides are not com- 
mon in this area. But prior snowfall 
had covered most of the chajiarral and 
melting and cold weather had produced 
a very hard crust. Snowfall during the 
thirty-six hours prior to the accident had 
been heavy and probably two or three 
feet of powdered snow’ was deposited on 
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top of this crust. As near as we have 
been able to determine the slide was con- 
fined almost exclusively to the newly 
deposited snow which had no brush 
cover to maintain it and the slide passed 
down the frozen surface. 

“It would be very desirable if a simpli- 
fied code could be worked out to fruide 
snow parties, as no doubt many men are 
assijjned to this work with little previous 
experience. However, this was not the 
case with Mayfield and party, all of 
whom had had from one to four years’ 
experience. Then, too, the matter of fol- 
lowiiifr prescribed trails needs to be more 
forcefully emphasized and compliance 
mad(‘ mandatory. ’ ’ 

The trajredy in the Jarbid{?e Moun- 


tains, Nevada, was fortunate in that two 
lives were not lost in place of one. Only 
by a rare combination of circumstances 
and superhuman strength did the second 
member survive and escape a lingering 
death. 

Karl J. Wilkinson, Forest Ranger and 
Dale Rodies, miner, set out at the close 
of February on a four days’ snow-survey 
trip to the head of Marys River Basin, 
Nevada. Both men were sturdy moun- 
taineers and skiers. The summer route 
lay on the contour through Ooon Creek 
Canyon rimmed above with pinnacles. 

Tile day was mild but a light blizzard 
obscured vision and made (dose contact 
desirable. ‘ ^ Ranger Wilkinson remarked 
to Rodies that the snow appeared to be in 



Dick Landis 

PLASTICITY AND COHERKNCE OF SNOW 

MID WINTKK SCENE WEST OP DONNER PASS, CENTRAL SIERRA NEVADA (EL, BEACON HILL LODGE 

APPROX. 6,750 FT,) 
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very jrood condition and was safer from 
the standpoint of snowslides than he Jiad 
found it during the previous two years.’’ 
Wilkinson’s dog was aecompanyiiig the 
party. 

They were therefore proceeding with 
confidence along the summer route and 
were rounding the steep slope of Windy 
Point when Bodies found himself 
struggling in an undertow of snow. 
When at the point of suffocation he was 
thrown upward for a breath of air but 
was sucked back instantly to sudden 
oblivion. 

After consciousness n^turned — lie be- 
lieves that it was fully an hour — he 
found himself pinned against a tree 
where air pockets in the snow had kept 
him alive. He struggled out with one 
ski still attached to his foot and the 
other broken. A few rods below he saw 
the tip of a protruding ski and followed 
it to Wilkinson’s body packed head 
downwards in the snow. The other ski 
was lost. As he dug, he found a furry 
mat on Wilkinson’s breast and threw it 
aside. It was the dog af^parently dead. 

A touch of Wilkinson’s flesh showed 
the futility of further attempt at rescue. 
With his own face crushed in and weak- 
ened by loss of blood, he took the two 
remaining ski and struggled u])ward to 
the j)ass toward home. It would have 
been futile to proceed to the shelter cabin 
near at hand, for there was no telephone 
nor radio to summon help and anxiety 
would be f(*lt by homefolk only after the 
lapse of four days. 

He was haunted by dread that his 
strengtii would fail and night was near. 
At ten he staggered down into Jarbidge 
Canyon to the nearest light. How he 
escaped falling over the canyon wall 
was a mystery. 

His hair is now gray, quickly turned 
by his agony. Rescuers on their retiiru 
to the scene found the dog guarding his 
master’s body. 

At the filial pass into Marys River 


Basin Ranger Tom E. Brierley, Wilkin- 
son’s successor, found avalanche hazards 
as great on o<*casioH as the others en route. 
The cornii^e here though solid in itself 
could harbor powder snow below^ and the 
slope was too steep to make the reascent 
vertically to avoid undercutting the 
snow. Since this pass is the only feasible 
entrance into the basin, a substitute snow 
course is being laid out on the hither 
side to be measured when it is not safe to 
go beyond. Instead of following the 
summer route through Coon Creek 
Canyon, all parties should detour up the 
bed of Coon Creek beloAV the possible 
reach of any slide. A thousand feet 
down and up is a low price for safety. 

The greater ranges of the Rocky Moun- 
tains, Sierra Nevada, and the Cascade 
have their tales. At Telluride, Colorado, 
the Ingram Basin harbors a nest of 
chronic slides that acquired names and 
mad(‘ life at the mines a venture. A 
boarding house was carried away. Of 
the itnnates and rescuers 21 perished and 
some bodies were not recovered until the 
following July. 

The Ajax on New Year’s Eve un- 
expectedly leaped over a cliff 700 to 1,000 
feet high and sucked a new home into its 
vortex. The new mill manager who 
found void where he had expected his 
house to be immediately ndurned to the 
flat land of Chicago. 

The Big Elephant because of its gentle 
.slope had the characteristics of a glacier 
rather than a snowslide, but skiers acro.ss 
it could feel it move. Like the turtle and 
the hare, it outstripped the othei*s in 
traveling five or six miles. 

At Donner Pass in the central Sierra 
every evidence seemed to point to the 
(*onsolidation of cornices beyond the pos- 
sibility of release, as shown by the ac- 
companying illustrations of cohesion on 
rocks and roofs. But a recent gale on 
Beacon Ridge at Soda Springs built out 
the cornice so rapidly that portions of it 
appear on the hillside like gigantic 
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snowballs stayed in their course and have 
become confused with the seven-foot 
play “snowballs*' drawn up the moun- 
tain for filming an Abbott and Costello 
movie. 

These balls should be kept distinct 
from the slides on the northern face of 
Mount Lincoln caused by late spring 
snow falling upon crust and melting. 
The pear-shaped forms are indicative of 
soft-snow avalanches. 

That cornices may be treacherous is 
shown by the unexpected falling of the 
“Roman Wair’ near the summit of 
Mount Baker in the Cascades and bury- 
ing some of the members of an unsus- 
pecting group of mountaineers beyond 
recovery. 

The Original Safety First 

The writer's life has been a series of 
adventures that have terminated fortu- 
nately, for even in his boyhood caution 
had been synonymous with safely last. 
But his dramatic introduction to safety 
first came early in an ascent of Mount 
Shasta — the first of the season — in 1896. 
The narrative has lain some years in 
manuscript : 

“In 1896 to settle the question of the 
visibility of Mount Shasta from the 
summit of Mount Rose, Mrs. Church and 
I rode horseback along the crest of the 
Sierra Nevada from Lake Tahoe to 
Mount Lassen and Mount Shasta, a 
round trip of 600 miles and 81 days 
carrying our outfit on our saddles. 

“The unknowns of the trip caused me 
to sweat in my bed on the eve of de- 
parture but the old assurance returned 
as we gradually threaded the route under 
the continuing guidance of the solitary 
dwellers of the mountains. T sweated 
again as we lay in sleeping bags close be- 
neath Mount Shasta, which rose above us 
like the unscalable ramparts of Olympus, 

“But the day brought increasing as- 
surance as the heights slowly descended 
beneath our feet. On the long snow 


slope below the Yellow Cliffs, Mrs. 
Church had repeatedly fallen asleep from 
mountain sickness and as often I had 
galloped down the slope to overtake and 
bring back her heavy climbing staff 
which persistently slipped from her 
grasj) whenever she sank upon the snow. 
Finally, she was left alone to climb 
more slowly to the Thumb at 12,000 ft., 
whence a clear view upward was had of 
the rounded summit of Mount Shasta 
and downward into the great gulf which 
seemed to undermine the Thumb itself. 
On a level with her eye stood the Yellow 
Cliffs, bultress of the summit, prepared 
like some titanic stage for the actors that 
were to come upon it. 

“Meanwhile the guide and 1 had read- 
ily gained the top and W(»re returning 
plainly silhouetted to her against the 
sky. The slope seemed gradual and we 
strode rai)idly, swinging our staffs for- 
ward to steady our descent over shell ice 
which still carpeted the rocks. 

“Suddenly my staff slipped from my 
grasp. Had 1 bemi too jaunty or had I 
underestimated the grip of a crippled 
hand! I could see the staff descending 
like a disappearing line toward the 
Yellow Cliffs beneath. Instantaneously 
I crouched, thinking to myself: ‘If I 
can overtake that staff and thrust it in, 
I can stop and come back. If not, the 
staff and I will go over the cliffs to- 
gether.* Then there flashed before my 
eyes the next morning's edition of the 
San Franvisico Examiner bearing across 
its front page in four-inch letters: 

THREW AWAY If IS LIFE FOR A PIKE 

“I relaxed and gazed round to realize 
that the guide was burning a hole 
through my back with his blazing eyes. 

“Suddenly the line drawn by my staff 
disappeared. Being staffless, I was 
forced to follow my guide on heels and 
wrists with stomach upward as the safest 
way of traversing the icy slope to the 
Thumb. 
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WINTER CONSOLIDATION OP SNOW CORNICE a 

rxTkXtKivo PARK THE SNOW COVER WAS CUT AWAY BY A BNOWPU)W, BUT IT HAS 

into an overhang bt cohek.no DRirr snow, the face has the 8TABIUTT or ICE. 
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“Here at the beginiiinj? of continuous 
snow, the guide started to glissade to 
lower levels with the eurt injunction for 
Mrs. Church and me to follow. We now 
had only one staff between us but could 
lose no time if we were to overtake the 
rapidly disappearing form of the guide. 
With a bit of burlap, we improvised a 
toboggan with myself as steersman and 
brakeman. To our astonishment the 
snow was of a consistency to form ava- 
lanches that grew to moderate size but 
with quickly diminishing momentum. 
Thus by frequent change of avalanches 
created by leaping downward upon the 
snow, we overtook the guide even as he 
was untying the horses for the evening 
descent from timberline to the valley. 



Roy E. lAndquist 
A IIUQK MASS OF SNOW 

RESIDUE FROM A 8MDR LAST WINTER, PHOTO- 
GRAPHED LAST MAY ON THE SOUTH SIDE OP LITTLE 
COTTONWOOD CANYON, WASATCH RANGE, UTAH. 


“That autumn the staff was recovered 
at the base of the cliffs little injured by 
its fall of 300 feet and was forwarded 
to me as a memento. But like the silk 
pennant that fluttered at the head of my 
sleeping bag in later years on the Green- 
land Ice, unthinking and younger hands 
bore it off. Thus I have only my 
memory to keep me young. We failed 
utterly at the time to realize the dyna- 
mite upon which we were riding. “ 

The Home Call 

That we do not live unto ourselves was 
realized during the first winter trip 
made up Mount Whitney, the apex of 
continental United States, March 2~9, 
1905. but only later was this thoroughly 
impressed by a member of the home com- 
munity who protested against the undue 
worry caused to all. 

The journal**^ was written in camp at 
Mirror Lake (10,450 ft.) where we sat 
out a storm. 

Sunday Noon 

“Our grove here is quite sheltered. 
We shall spread our sleeping tent'^ up- 
side down on some tamarack supports 
by the side of a boulder and stay out the 
storm. 

Sunday Eveniny 

“In the shelter of the rock in the 
storm which has at last arrived in its 
full strength we sit and hope. It may 
be long or short, but to-night, at least, 
it has become a blizzard. The air is full 
of snow and the old tamaracks are 
powdery, while .jets of snow are pouring 
from the rocks. The wind is whistling 
in the trees, and a fine sprinkle of snow 
is falling from our rock over us as we 

u> J. E. Cliurch, Up from the Land of JAttle 
Ruin to the Lund of Biiowb, Sierra Cluh Bull. 
7: 2 (June, 1909). 

The sleeping tent was torpedo in shape and 
split along the top for insertion of our two 
sleeping bags. It was designed for cowboy uso 
on the range. 
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sit under its lee. The fire is casting its 
ruddy glow in defiance of the storm. 

can scarcely see my lines because 
of the water on the page. So I shall just 
push the pencil through it. The page 
will dry later. 

* * This afternoon we went up the pali- 
sade to inspect the trail. Lone Pine 
Pass, where our route ctrosses the range 
at 13,000 feet, was faintly distinguisli- 
able in the clouds from where we stood 
above Mirror Lake. Across the amphi- 
theatre arose majestic Crag Alexander 
Winehell, which broods over our camp. 

Moyidaif Noon 

“The barometer remains steady at 
10,400 feet. 

“The snow seems to be so dry that the 
(M)ld does not make it pack readily. Its 
drift, moreover, is considerable. We can 
make the ascent unless warm weather 
starts the snow sloj)es to moving or 
makes them insecure. 

“I saw an eagle this morning as I lay 
in bed, soaring round the brow of Crag 
Winehell. He soon alighted there. He 
seems to have his eyrie on the crag. 
Marsh saw him soaring there two days 
ago, when we were at Lone Pine Lake. 

Monday Evening 

“The Sturm with its rear guard of 
slowly passing clouds has gone. Now 
we shall follow. A cold wind, however, 
is on to-night. 

“I went to Lone Pine (^amp this after- 
noon to bring up more flour and pro- 
visions, and a light tent. Our tracks of 
yesterday were drifted over in many 
place.s. 1 heard a bird today, but no 
more drumming grouse. This seems to 
be their mating season. As I was re- 
turning through Ibex Meadows, a faint 
halloo came floating to me down the 
mountain. My two hours’ leave had 
elapsed, and Marsh was signaling. How 
weird the sound of the distant voice is 
when nature is so silent that the crack- 
ing of a twig sets the blood to surging. 



CRAG ALEXANDER WINCHELL 

EASTERN arCR OF MOUNT WHITNEY FROM LONE 
PINE CAMP, ^‘THE noble CRAO NOW NEAR AT 
HAND WE HAVE NAMED CRAG ALEXANDER WIN- 
CH ELL. 

“Despite my weariness, I ascended 
the palisade to 10,800 feet to obtain a 
photograph of Lone Pine Pass and Crag 
Winehell. From this point the crag 
becomes a knife-edged spur terminating 
in a slight pinnacle. The wind had now 
risen and was sending the dry snow 
curling over the faces of the granite 
domes of which the palisade consists. 
The track of yesterday was covered, and 
T seemed to be wading in a mass of meal 
grown treacherous by concealing the icy, 
slanting granite surface beneath. The 
rope mesh of my Bavarian snowshoes 
alone made my footing at all secure. 

“I finally waded through it all to 
where the last rugged but battered tama- 
rack defied the wind. Stout it was but 
short, and its few limbs symmetrically 
grouped like an umbrella top. Here on 
a boulder overhanging Mirror Lake I 
placed my camera. There was small 
space to work on, and the wind was 


328 


THE SCIENTIFIC MONTHT.Y 


stinp:inijr- Care had to be constantly 
exercised not to step backward into the 
yawninj^ fissures nor slip forward into 
the amphitheatre below. I finally sat 
down on the boulder with the tripod 
astride my knees, but nearly succeeded 
in pitching: the camera into my lap wiien 
I attempted to rise. I obtained, I hope, 
a fine cloud picture of Lone Pine Pass 
where the worst of our .iouriiey will be. 

5 O^Clockf Tuesday Morning 

“The g:ale of yesterday abated toward 
midnight. The stars are brilliant. The 
wind has veered to the southwest. The 
ground is frozen solid, but the snow 
refuses to harden. We are now ready to 
make the final attempt. 


Tuesday Evening 

“We have met Mount Whitney’s ad- 
vance guard and retreated, but not with- 
out a skirmish. The snow’ was quite 
compact, after all, and w’e made fair 
time over it. At sunrise we could look 
dow n upon Crag Winchell. To the north 
lay Motint Whitney like a giant plateau 
nptilted tow’ard the w'est. On its sum- 
mit the monument could lx* plainly seen. 
But we W’ere being forced to the south 
w'here the least stee^) slope of the amphi- 
theatre gave access to the crest of Mount 
Marsh, up wdiose knife-edge of snow- 
capped rock lay our course to Lone Pine 
Pass. 

“So steep was the slope and so deep 
the snow that we often clambered over 
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DETAIL OF “PLASTICITY AND COHERENCE OF SNOW“ 

BHOWINO STRATA OF WINTER ACCVMULATION WITH WEATHBKINQ AND MELTING, W’HICH ARE SLOW 
BECAUSE OP SHADING FROM THE DIRECT RAYB OP THE SUN. 
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Uoff Curtin, ithotographcr 

MOUNT WHITNEY (14,502 FT.) FROM THE AIR 

SMITHSONIAN INSTITUTION ORSKRVATORY ON POINT IN CENTER FORF.OROl'NI). I^ONE PINE PASS IS 
BEYOND EXTREME UV.VT IN rORKOROUNn. 


Inifre boulders ivliose heijrbt and depth 
were so concealed that we did not realize 
tlieir size until the yielding snow let us 
slij) back down their I'aees. Marsh had 
preceded me some little distance. When 
we were well up the knife-edjre, I sud- 
denly saw him stand in^r in a tiny jyate- 
way of reddish brown rock to which a 
narrow' ])ath of steeply slantiiijr snow' 
afforded the only approach. This was 
the notorious slide to Consultation Lake 
which Marsh had feared. By hufr}.rinjr 
the w'all and carefully tiliinp: the inner 
snow'shoe to work it thronjrh the narrow' 
space left between iny outer Icj? and the 
w'alh I soon succeeded in f?aiuin<: a place 
by Marsh’s side in the pass. The barom- 
eter f?ave ns the welcome information 
that wo had attained the altitude of 
12,950 feet, or only 1,500 feet less than 
that of the summit which wo sought. 

‘‘To the westward, deep, deep below' 
UH, and extending, it seemed, almost 


across the State of California wore 
frozen lakes, pinnacled mountains, and 
valleys, bare and desolate in the fore- 
ground and wooded in tlie distance — the 
whole one vast snowy panorama. Our 
route lay along the wostern side of the 
Saw Tooth Crags where a ledge along 
the cliffs afforded scanty room for the 
Lone Pine trail to reach the head of the 
Devirs Ladder, where it joins the 
Fresno trail to the summit. 

“The field of snow below the pass 
slanted dangerously downw^ard to the 
Cottonwood Lakes, but, trusting too 
much in our morning experience, we 
started to stamp our w'ay across it. This 
time there was a strong crust below the 
drift snow', and our first plunge started 
ominous cracks in the snow above us. 
This meant avalanches. We immedi- 
ately became more circumspect. Heel- 
thrust after heel-thrust, slow'ly repeated, 
as we faced outw'ard and maintained a 
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A LAND-SLIP AT.ONG A FAULT LINE 


Hoy CurtU 


IN THE HIGH 8IKRRA NEVADA, SHOWING THIS ITNI’SHAL PHENOMENON FROM THE AIR. 


precarious balance on the slope, became 
exhausting, though we exchanged places 
every few rods. Often my pack over- 
balanced me, and a sudden fall inevita- 
bly resulted. But on every occasion the 
alpenstock, clutched rigidly by the head, 
was driven by the impact of my body its 
entire lengtli into the snow and anchored 
me firmly. I sat upon it until Marsh 
stepped round my shoulders and beat a 
trail into which I could crawl to regain 
my footing. The slide of two thousand 
feet into the depression would have 
meant bitter exertion to return over such 
snow to our [iresent level, and there was 
no wood nor had we more than a tiny 
lunch. 

“The next slope was ipiite safe. Here 
we found Lake View Camp, the old high 
camp of the trail-makers, with aban- 
doned camp stove and logs of wood, I 
sugge.sted that we build a fire and spend 
the night. But Marsh declared that stay- 
ing here over night would become per- 
manent. 

“So we hastened on, only to be almost 
immediately arrested by an ejaculation 


from him as he pointed to the next dan- 
gerous place — the ledge along the preci- 
pice. I otfered to break the first part of 
the trail if he would break the second. 
But we soon realized that the condition 
of the ledge was dangerous far beyond 
expectation. The drifting snow had 
filled the ledge full and was even then 
sifting over the edge. For us to venture 
upon it would be to chance death in the 
abyss beneath, one to five. This was not 
a bad risk, however, but from a pinnacle 
that overhung the trail we saw that the 
ledge for fully a mile until it passed 
from sight around the shoulder of the 
mountain was in similar condition, and 
to continue would be to repeat the chance 
of going over every few rods. We had 
brought no shovel, and if we had the 
snow would have filled up the pathway 
behind us as rapidly as we cleared it 
ahead, or the snow would avalanche and 
carry us over the verge into oblivion, a 
kinder fate than imprisonment on the 
trail at 13,000 feet and higher on a win- 
ter night without shelter. We reluc- 
tantly decided that the remainder of the 
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journey aloiij? this route was imprac- 
ticable, and our decision was attested by 
the dull boom of a rock that had rolled 
from the ledge at our feet. 

“Our return was easy. The treacher- 
ous snow had hardened. But in tlie dis- 
tant west masses of cloud were piling as 
high as heaven in fantastic forms like 
volcanic fires. Marsh had noticed the 
same formation the previous summer. 

Lone Pine, Friday 

“Tuesday night, following our at- 
tempt to gain the summit, a wildcat stole 
the bacon from the head of our bed. I 
could have tweaked its nose from where 
I lay, had I been awake. Marsh left 
scraps for it as assurance that he bore 
it no ill will. It was time for us to de- 
part. 

“Late Wednesday morning we started 
down the mountain. Ibex Meadow was 
firm for on(*e. Those ‘go-deviP sleds be- 
came pretty good little devils — stout 
little devils. They rolled over like cart 
wheels, side over side, end over end, 
down slopes through thickets along the 
bottom of the canyon. When the slope 
was fairly steep, we rode on the pack; 
when too steep, the sled rode with its inin- 


ners in the air. One sled stood the test to 
the end. I nearly coasted over Lone Pine 
Palls in my enthusiasm. Prom Hunter^s 
Camp, after hanging the loaded sleds in 
a tree, we tramped to Lone Pine. As we 
came up the lane through the willows in 
the darkness, a silent figure in white 
waiting at the bars came swiftly to meet 
my companion, while a little tow-headed 
fellow in the home gave him a hug that 
was enthusiasm itself. I was glad then 
that 1 had not urged him out along that 
cliff. The call of the wild is strong but 
the home call is stronger.” 

There are, however, moments in life 
that transcend life itself — ^visions that 
none other or few have witnessed. Of 
these is the vision — ^mostly inward — of 
Simpson and OdelP**^ from Nanda Devi 
(25,645 ft.), the highest mountain on 
earth yet coiupiered by man: “After 
three-quarters of an hour on that sup(Tb 
summit, a brief forty-five minutes into 
which was (Towded the worth of many 
hours of glorious life, we dragged our- 
selves reluctantly away, taking with us 
a memory that can newer fade and leav- 
ing behind ‘thoughts beyond the reaches 
of our souls’.” 

12 TT. W. Tilinan, The Awont of Nancia Devi. 


MEDICINE BRANCHES OUT 


The New York Academy of Medicine pioperly 
regards itself not only as a society of physicians 
hut aa a social institution. Its oflices are 
needed in these days of storm and stress. Doc- 
tors and nurses are leaving in droves for the 
front. New occupations with new health haz- 
ards have appeared with new industrial proc- 
esses. More women arc* entering the fact<»ry. 

It was therefore natural that the Academy ^s 
recently elected president, Dr. Arthur F. Ohac^, 
should emphasize in his inaugural address the 
responsibilities that must bo faced by medicine 
at a time when health and morale are insepar- 
able. But he does more. Though the physician 
will always minister to the individiuil patient, 
he must learn to regard himself as one of the 
many architects of our culture. Wo live in a 
mechanized world by the grace of tho physician 


as well as by the grace of the chemist and engi- 
neer. Accordingly, Dr. Chace sketches a pro- 
gram of action which calls for more than the 
efheient treatment of individual cases of disease. 
He is concerned as much with tho post-war world 
as with immediate needs. Medical education, 
the plight of voluntary hospitals that can no 
longer count on substantial }»hil anthropic sup- 
port, the relocation of migrant populations, the 
proper distribution of medical services, the ef- 
fect of nutrition and the occupational environ- 
ment on masses of people — all these are to be 
studied by appropriate committees. Nothing 
more ambitious has ever been proposed for the 
consideration of a private medical organization 
in this country. — The New York Times, January 
9, J043, 



WHEAT RAISING IN THE VENEZUELAN 

ANDES' 

By Dr. RAYMOND E. CRIST 

VISITING PROFESSOR OF GEOGRAPHY, FNIVERSITY OF PUERTO RICO 


To the middle-latitude dweller the low 
latitudes or tropics are usually synony- 
mous with vast areas covered by im- 
penetrable rain-forests, whereas in real- 
ity climatic conditions are greatly modi- 
fied by mountains everywhere in the 
world. The tropics are no excej>tion to 
this rule, and the tropical mountains 
are responsible for well-demarcated alti- 
tudinal life zones, so that in a few hours 
by car it is possible in ascending a moun- 
tain in the tropics to traverse all the. 
climatic regions, say, between the trop- 
ical rainforest of Cuba, across the United 
States and Canada, to the tundra of 
Alaska. 

In the tropical lowlands bananas and 
sugar-cane grow well, at about 6,000 feet 
many of the crops of the so-called tem- 
perate zone thrive, and at 8,000 to 10,000 
feet potatoes and wheat are important 
crops. The wheat fanners around AIu- 
cuchies, in the upper Chama valley of 
the Venezuelan Andes, are marginal on 
the four counts of temperature, fertility, 
slope and precipitation. One must travel 
hundreds of miles to cross the transition 
zone between the rolling wheat-fields of 
Iowa and the sand-hills of western Ne- 
braska, farther still to the steep infertile 
slopes of the Rockies or the soggy tree- 
less tundra north of Lake Winnipeg. 
Yet the wheat farmers of Mucuchies are 
almost within a stone’s throw of any one 
or all of these transition zones, which in 
width are lines, not belts, and beyond 
which farming is out of the question. 
One part of a field may be so rocky that 
plowing it is merely a process of tem- 

1 The field work on which tliie article is based 
was made possible by grants from the John 
Simon Guggenheim Memorial Foundation and 
the Graduate Research Board of the University 
of Illinois. 


porarily changing the positions of the 
stones, another so steep that there will 
be a difference in elevation of three or 
four feet between the two oxen pulling 
the plow, still another so high and cold 
that in a year of exceptional cloudiness 
the erop will not mature. And the whole 
area is apt to suffer from drought in dry 
years. 

Shortly after the Con(pi(\st many In- 
dians were settled on reservations set 
aside for them called Resguardos de los 
Indios, and they worked the soil on a 
cooperative basis for several centuries. 
These reservations were put on the open 
market in the eighties of the last cen- 
tury and sold to individual farmers, 
usually in small plots. Where the soil 
is particularly infertile and the sleep 
slopes have been incised by deep gulli(»s, 
the whole cultural landscape has a 
shabby appearance. Much of this kind 
of land is passing from small to relatively 
large owners and is being devoted more 
and more to pasture than to crops. As 
a result it will continue to be economi- 
cally valuable indefinitely, l^ut the 
changes of tenure in this area are of 
less importance than what appears to be 
a slight change in climate. In the old 
documents in which lands around Mu- 
cncbies are descinbed, mention is often 
made of juncales, or tracts where rushes 
abound. At present no juncales exist. 
The whole landscape has taken on the 
aspect of an area characterized by a mid- 
dle latitude steppe climate. 

Areas above the 6,000-foot contour, 
t terras frias, yield only one harvest a 
year. Some soils are especially rocky, 
others are called prdpas, because of their 
thick layer of humus and their freedom 
from rocks. In certain areas the land 
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INTKN81VKLY CULTIVATED ALLUVIAL FAN IN HIGH VENEZUELAN ANDES 

IN THIS WHKAT-OROWINO AREA, PARTITIONED BY STONE PENCES REMINDING ONE OP NEW ENGLAND, 
NEAR-PREEZINO NIGHTS ALTERNATE WITH SUN-DRENCHED DAYS. 



OLD-FASHIONED THRESHING TECHNIQUES IN THE MUCUCHIES REGION 

AS THE WHEAT IS SEPARATED OUT BY THE HORSES ^ HOOPS, THE STRAW IS FORKED AWAY. 
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has been farmed out, in others it is still 
remarkably fertile. Particularly infer- 
tile fields are allowed to lie fallow (bar- 
bechado) for a year after the harvest, 
between October and December. Oxen 
are pastured in such plots, and find a 
few sprigs of wild oats to feed on. Noth- 
ing further is done till August of the 
following year, when it is plowed again. 
In areas which are cropped each year, 
without fallowing, the plowing is done in 
March or April, preferably after an 
invierno (shower). The plough is of the 
old Roman type, a long wooden beam 
with a stake driven through it, which 
barely scratches the surface. The wheat 
is sown broadcast, and the grains are 
usually covered by plowing again, or by 
hand, with a small shovel or paleta. In 
small plots and on the edges where oxen 
can not enter, the grain is always cov- 
ered by hand. Often the stand is too 
thick, and the competition between the 
plants is so great as to hinder their 
proper growth and development, thus 
diminishing the yield. 

The use of a plow which merely 
scratches a shallow trench as it goes 


means that some of the grains are cov- 
ered by so much earth that the sprouts 
are unable to reach the surface, and thus 
much seed grain is wasted. And in 
rocky fields much seed is lost under the 
stones. 

Once the grain is covered the farmer's 
task is done. The growth and maturing 
of the crop depend largely on the tem- 
perature and the amount of rainfall. In 
a few instances weeding by hand is done 
when the wheat is about a foot high. 
Perns, hoyo (Lolium temulentum) and 
other weeds are cleaned out. But the 
wild oats (Avena sp.) is not, because the 
millers, who in the Andes have stone 
mills, have a preference for wheat with 
oats; they say it whitens the flour 
(blanquea la harina). It probably does 
tend to keep the flour dry and free from 
mold. At all events most farmers allow 
this pest to grow freely with their wheat. 

The harvest takes place between Sep- 
tember and December, depending on the 
elevation. The wheat is cut by hand 
with a sickle. The day of the harvest is 
one of the big days of the year. Every 
one enjoys this all-out effort. The tiny 
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sheaves, bound by hand, are piled up, 
tied into big bundles with ropes, and then 
carried on human backs to the stacks. 
When it has thoroughly cured, the grain 
is threshed out by the age-old practice 
of driving horses or oxen over the sheaves 
till the grain has loosened and settled to 
the ground. The threshing floors {eras 
de trUlar)y of tamped earth, are sur- 
rounded by a stone fence. When the 
weather is favorable the sheaves are 
spread out on the threshing floor and the 
animals driven in. If oxen are used they 
are hitched to a sled on which is a heavy 
stone. This they drag round and round. 
If horses are used their hoofs are sharp 
enough to effect the separation of the 
wheat from the straw and chaff. One 
man urges them on with a long whip and 
loud shouts, and after several hours the 
process of threshing is over. 

When the wheat is threshed, the straw 
is forked off, and the wheat is sei)arated 
from the chaff by winnowing in the 
wind. The mass is thrown in the air. 
The wheat falls back on the threshing 
floor, and the chaff is blown outside. 
Then the wheat is swept up, ptit in sacks 


of eocuiza (fiber of the Fourcroya Hum- 
holdtiana) and stored — ^usually in the 
dwellings themselves. The well-to-do 
farmers put the grain in enormous sacks 
of canvas or cocuiza which hold 20 to 30 
quintals — one quintal equals 46 kgm — 
or in huge bins, with an opening in the 
lower part from which the grain will 
pour when a little trap-door is opened. 
The poorer farmers pile the wheat in a 
corner of the house, and if it gets damp 
it is placed on cowhides and dried in 
sun in front of the house before being 
taken to the mill. With such threshing 
techniques all kinds of impurities are 
mixed with the wheat, making it of in- 
ferior quality. A later cleaning often 
means a loss in volume of 10 to 15 per 
cent, of the original quantity. 

Thus in these cold, bleak highlands, so 
unlike what w^e always imagine a trop- 
ical landscape to be, thousands of peo- 
ple spend all their lives in the process of 
getting barely enough to eat. Almost all 
the work is done by hand : planting, har- 
vesting, threshing, transi)orting to the 
house, and later to the mill. Only in the 
ploughing is the poor farmer aided by 
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the patient ox. But the most regrettable 
factor of all is not that all energies are 
devoted to making just enough to keep 
body and soul together, but rather that 
wJicji everything produced in a given 
area is used up almost at once, the pos- 
sibility of capital saving and accumula- 
tion, and the sub8e<iuent improvement in 
farming technique thereby made pos- 
sible, is either remote or entirely out of 
the question. 



TYPICAL MIDDLK CLASS FAMILY 

IN SAN RAFAEL. NOTE EROSION GULLIES IN STEEP 
WHEAT-FIELD IN THE BACKGROUND. 


Ts there a solution to the problem pre- 
sented by these people who are engaged 
in what in many countries would be con- 
sidered submarginal farming? That it 
can not be solved if regarded as a purely 
local problem would seem to be self-evi- 
dent. What then can be done? The 
state can impose a high tariff on wheat 
which will make it possible to keep the 
prices of Andean wheat high. But as 
the Andean agricultural population in- 
creased the tariff on wheat would have 


to rise in proportion, a rise that can not 
go on indefinitely if the good of the rest 
of the Venezuelans is to be considered at 
all. It would seem certain long-range 
plans will have to be worked out. The 
present arrangement is uneconomic in 
the extreme — thousands of people are 
precariously anchored in areas that 
barely feed them. If the good of these 
people is the desired end, many of them 
must migrate. The question is, where? 
They must find employment in public 
works — roads will pay for themselves 
many times over in a short time — in in- 
dustries, which may be either privately 
or federally owned and operated, or on 
land still to be wrested from the rain- 
forest or ‘‘ jungle in the hot lowlands. 

The state can and does commandeer 
wealth, people and their services in the 
task of defending itself against enemies 
from without. But there may be poten- 
tial enemies within a state more danger- 
ous to its continued existence than those 
beyond its borders. Hungry individuals, 
either submargiual farmers in a rural 
slum or unemployed workers in the 
slums of a city, are the vandals created 
by advances in technology in the twen- 
tieth century. They have only to find 
work to be reintegrated into their so- 
ciety, to become forces w^orking toward 
close-knit union instead of centrifugal 
forces working toward disunion. 

Higher still than the wheat, above the 
upper limits of cultivation a few wander- 
ing shepherds graze their flocks. This is 
the paramo, the epitome of sterility, of 
death. A stream that now meanders 
across the over-deepened bed of a former 
glacier babbles along to the placid lake 
formed behind the terminal moraine. 
The water is ice cold, and the whole land- 
scape seems to cry out that it has lost, or 
never had, its fructifying power. There 
are no trees. The air is clear, the sky 
as blue as any sky of Italy above the 
great peaks, democratic in their 13,000 
feet elevations. Here one feels dwarfed, 
overcome by the magnitude of the rugged 
Gothic peaks that silently strive upward 
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TRAIL ACROSS THE HIGH TREELESS PARAMO AT APARTADEROS 

NOTE MEANDERING STREAM PLOWING INTO GLACIAL LAKE, AND TERMINAL MORAINE TO RIGHT. 



EARLY MORNING DOWN-VALLEY VIEW 

PROM THE AGRICULTURAL EXPERIMENT STATION AT MUCUCnfES. THE HARSH TREELESS LAND- 
SCAPE HAS MANY CHARACTERISTICS OP A MIDDLE-LATITUDE STEPPE, COMPARABLE, EXCEPT POR THE 
RUGGED RELIEF, TO THAT OP THE DAKOTAS. 



338 


THE SCIENTIFIC MONTHLY 


toward the infinite. This tropical tundra 
supports prickly mosses and hardy 
shrubs a foot or so high. The lion’s 
share of the vegetation consists of the 
velvety-leaved frailejon, a giant dande- 
lion, the white or cream-colored center 
leaves of this mullen-Iike plant forming 
the only bright note in a grayish drab 
landscape. The frantic pounding of the 
heart at the slightest exertion makes one 
too keenly aware of the elevation. But 
nature is not only inert but almost sound- 
less. No song bird cheers the traveler 
with his notes. A few flies get warmed 
up enough to buzz around a few hours at 
mid-day. The actinic rays of the fierce 
tropical sun, with only clean thin moun- 
tain air to act as a filter, mercilessly 
scorch even the toughest skin. Yet shade 
temperatures never get much above 50 
or 55® F. 

But the narrow paramo at Aparta- 
deros is traversed not alone by a few 


nomadic shepherds. The narrow white 
line seen in the distance is a trail, along 
w^hich moves slowly a train of pack mules 
followed by the driver in his heavy 
poncho of gray wool. This narrow strip 
of land separates two geographic units 
which are well developed — the fertile 
Chama Valley and the great grass plains, 
or Llanos, of the Orinoco Basin. The 
potatoes, wheat and temperate zone 
vegetables from the mountains move 
across this paramo to the plainsmen on 
the other side, and the cattle from the 
sparsely populated Llanos cross here on 
the way to the slaughter houses in the 
densely populated mountain valley. The 
pack trains and herds of cattle have worn 
smooth the trail across this 10,000-foot 
pass. A highway would facilitate this 
exchange, but trade does not wait on the 
construction of highways, and is no re- 
specter of what might be considered “in- 
superable barriers.” 



CUTTING WHEAT BY HAND 

ON THE STEEP, ROCKY INTOETILB SLOPES NEAR MUCUCHIeS. 




GASOLINE FIRES OF ELECTROSTATIC ORIGIN 


By Professor ROBIN BEACH 

HEAD OF THE DEPARTMENT OF ELECTRICAL ENOINEFJHNQ, 
BROOKLYN POLYTECHNIC INSTITUTE 


In these heydays of the saboteur, im- 
plements of war are beinj^ stealthily, but 
nevertheless systematically, destroyed in 
their making by the human agencies of 
inimieal forces. Where future malicious 
attacks by these diabolical powers may 
occur on the home front can be neither 
predicted nor anticipated — a typical 
uncertaint.y that is characteristic of the 
human element. This is not so, however, 
of certain physical agencies which like- 
wise are active sources of costly destruc- 
tion, and which are also effective forces 
in impeding the progress of war-time in- 
dustrial schedules. Being physical, 
rather than human, agencies, their be- 
havior under prescribed conditions is 
(*apable of accurate prediction, and yet 
through the repetitious attacks of an 
errant physical agent, such as static elec- 
tricity, for example, inexcusable economic 
and human losses are permitted to occur 
— losses which accumulate into alarming 
annual proportions. These resources 
could largely be conserved by the prac- 
tice of preventive measures rather than 
by condoning destruction and then ap- 
plying costly remedial methods. 

Sparks resulting from electrostatic dis- 
charges have blown up munitions plants, 
and they have fired or exploded factories 
devoted to the manufacture of cereals, 
starch, sugar, chocolate, paper, powdered 
aluminum and magnesium, rubberized 
fabrics, sulfur products, anesthetics and 
textiles — to name only a few of the more 
common examples. Fire losses in indus- 
try, which originate from the electro- 
static sparks produced by industrial belts 
alone, aggregate approximately four mil- 
lion dollars per year. Petroleum distil- 
lates, in manufacture, in transportation 
and in use, top the list of xiroducts most 


.susceptible, as a group, to the fire and 
explosion hazards of static electric sparks, 
and since gasoline is one such petroleum 
product which is manufactured ami used 
in vast quantities, naturally the number 
of fires from this cause is relatively large. 
fJenerally direct evidence of the origin 
for these fires, if any existed, is destroyed 
in the burning, and the investigator of 
these casualties is confronted with per- 
plexing x)roblems in attemjiting 1o estab- 
lish a strong and irrefutable chain of 
circumstantial evidence. He may glean 
his information in part from careful and 
critical observation, and in part from 
theoretical research — strengthened, wdien 
possible, by the corroborative support of 
laboratory tests. 

The fires from electrostatic origin, 
strangely enough, almost invariably 
occur by reason of the violation of some 
well-recognized safety practices. The 
importance of this situation, which so 
often leads to costly fires, is illustrated 
in this article by the citation of a number 
of cases where fires of strange origin, 
appearing even mysterious at first, have 
been traced to static electricity. 

(^ase No. 1. A tank truck was driven 
into an estate one dry spring day to de- 
liver an order of gasoline to an under- 
ground 550-gallon storage tank at the 
side of the garage. The driver, a careful 
operator, >vent through the approved 
routine of connecting the grounding wire 
from the truck to the vent pipe of the 
tank; then he inserted the nozzle of the 
hose into the fill pipe of the tank; and 
after this, he connected the other end of 
the hose to the outlet of one compartment 
of the truck. This done, he opened the 
discharge valve at the truck which per- 
mitted the gasoline to flow into the tank. 
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Fro. 1 . “KLECTRlCALf CIRCUIT 

Tins DIAGRAM SHOWS THE APPROXIMATE EQUIVA- 
LENT C1R(’UIT BY WHICH ELECTRICITY PLOWS 
PROM THE CHARGED TRl^CK TO THE UNCHARGED 
UNDERGROUND TANK. THE HIGH RESISTANlTS 
OP THE DRY ROAD BED, REDUCES THE PLOW 
OP EI.KCTRICITY TO A MERE TRICKLE OP ABOUT 
10-8 AMPERE. 


In about a minute and a half, after about 
75 gallons had been discharged, fire burst 
out of the vent pipe. 



FIG, 2. THK GROWTH OF VOLTAGE 

ACROSS THE CHARGING TANK CAPACITOR. THE 
PAINT INSULATION WAS PUNCTURED * AT ABOUT 
2,000 VOLTS, AND THE ENSUING SPARK IQNITEB 
THE INFLAMMABLE GASOLINE VAPOR-AIR MIXTt^RE 
iOTTER ABOUT 90 SECONDS OP GASOLINE FLOW. 


The alarmed driver, who was near the 
front end of the truck preparing the 
sales slip, quickly shut off the valve, 
started the engine and drove out of 
danger. The fire subsequently spread to 
the garage and other buildings, how- 
ever, and extensive damage resulted. 
The cause of the fire gravitated into an 
ostensible mystery to various eminent 
investigators as each eliminated, one by 
one, all the possibilities of the ordinary 
sources. The author was finally called 
upon to study the problem and to de- 
termine, if po.ssible, the cause of the fire. 

Suspecting static electricity as the in- 
cendiary agency, the author conducted a 
lengthy research into the then unknown 
factors basic to the electrification of rub- 
ber-tired vehicles. The study showed that 
a large truck ninniiig ou a dry highway 
could readily become electrified to the 
high voltage of 15,000 to 25,000, or more, 
volts from the friction of the tires with 
the roadway, and that subsequently the 
truck body, at standstill, could retain 
much of the electric charge, under favor- 
able conditions, even for hours. 

An amazing discovery showed the nu- 
derground tank and its connected pipes 
to have been inadvertently, but neverthe- 
less thoroughly, insulated from the 
ground by the multi-layers of titanium 
oxide and asphaltum paint. This partic- 
ular type of paint was found by chemical 
and electrical tests to serve as an exitel- 
lent dielectric, thereby causing the tank 
to become an electric capacitor in which 
the insulated metal formed one of its 
plates and the gjeound the other. In ad- 
dition, the truck body with respect to 
ground constituted another — a charged 
— capacitor, in which the metal of the 
truck and the ground was effectively in- 
sulated from each other by the dry tires. 
The capacitance of the truck for storing 
electricity was of the order of 800 micro 
mi(*rofarads while that of the storage 
tank was about half this value. As the 
ground wire and the wire-enmeshed hose 
conductively connected the truck to the 
insulated tank, electricity began to flow, 
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in a trickle, from the highly charged 
truck into the uncharged tank capacitor. 
The physical arrangement of the truck 
and tank, as well as their equivalent elec- 
trical circuit, are shown in Fig. 1. 

The growth of the charge which ac- 
cumulated on this underground tank 
capacitor was, in this instance, very slow 
because the series resistance interposed 
into the electrical circuit by the inter- 
vention of the dry roadway materials 
was exceedingly great, and, in conse- 
quence, the resulting voltage between the 
tank and the ground also increased 
slowly. This voltage characteristic is 
shown in Pig. 2. As the voltage attained 
a sufficiently high value, about 2,000 
volts, to puncture the insulating paint, 
the ensuing spark ignited the combustible 
mixture of the expelled gasoline vapor 
and air which had seeped into the inter- 
stices (»f the soil about the tank. The 
flame was at once i)ropagated back to the 
source of the outflowing vapor through 
the vent pipe of the storage tank. 

Had the tank not been insulated from 
ground by the paint, or had the vent pipe 
extended to a height of ten feet above 
the adjacent buildings, in order to dissi- 
pate the vapors harmlessly into the at- 
mosphere, the fire could not have oc- 
curred. 

Case No, 2. In this instance a tank 
truck was likewise delivering gasoline 
into a 550-gallon underground storage 
tank at the filling station of a large 
garage. The driver maneuvered the 
truck into position iicar the fill pipe, 
which extended about six inches above 
ground directly alongside the main en- 
trance to the garage. The hose was con- 
nected in the customary manner — the 
loose nozzle being placed in the fill pipe 
first, and then at the other end screwed 
to an outlet from one of the compart- 
ments of the truck. No grounding wire 
for the truck was provided in this case. 
In about a minute and a half after open- 
ing the valve at the truck to discharge 
the gasoline, fire burst out of the com- 
bined fill and vent pipe, burning balloon- 
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shaped to a height of about five feet. 
Before it could be extinguished, the 
driver excitedly threw the hose out of the 
fill pipe, spreading gasoline and flames 
into, and around the front of, the garage. 
The ensuing fire completely destroyed 
the garage and showrooms, both contain- 
ing several vehicles, a lubritorium, cpian- 
tities of supplies and the office. 



FIG. 3. COMBINED VENT AND FTLT. PIPE 

SHOWING: (1) THE HOSEIIEAD RESTING ON THE 
RUSTY AND DIRTY FILL HEAD, (2) THE POSITION 
OP THE HOSE NOZZLE IN THE FILL PIPE AND THE 
LOCATIONS WHERE THE SPARKS COULD OCCUR, AND 
(3) THE GROSS INADEQUACY OF THE ANNULAR 
VENT HAVING ABOUT 1/15TH OF THE CROSS-SEC- 
TION OF THE PILL T IPE. 

In the absence of any ordinary sources 
of ignition of the mixture of gasoline 
vapor and air, the origin of this fire also 
seemed a complete mystery. Although 
the engine of the truck was allowed tn 
run, ill-ad vised ly, during the transfer of 
the gasoline, nevertheless it was elimi- 
nated as a likely cause of ignition. When 
the author made his investigation of the 
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premises, performed certain electrical while it was being filled, and so the gaso- 
tests, and learned what pertinent facts line vapor exhausted from the tank, in 
were available, he believed static elec- addition, through the fill pipe — causing 
tricity to be the cause of the fire here, gasoline spray to be carried upwards 
too, largely because of certain peculiar and producing a most hazardous condi- 
circumstances which he discovered. tion for the starting of fires. 

The use of the combined fill and vent While gasoline was flowing through 
pipe, as illustrated in Fig. 3, is a viola- the hose line, it acquired by friction a 
tion ’of the safety codes of every oil com- positive electrification, electricity which 
pany and protective agency in America, discharged to ground as rapidly as the 
This combined unit was installed many gasoline entered the tank; but the cor- 
years ago when gasoline was laboriously responding negative electrification in the 
bucketed from the trucks, and it was not hose was impounded there and on the 
changed with the advent of the modern metallic structure of the truck, in part, 
high-speed filling operations which com- because of the insulating properties of 
monly employ two-inch hose that dis- the tires and the dry roadway, and, in 
charge gasoline at the approximate rate part, by an unanticipated phenomenon 
of fifty gallons per minute. This vent which occurred at the hose nozzle. The 
pipe, whose discharge area was less than nozzle was an oxidized section of pipe of 
7 per cent, of that of the fill pipe, was one and three-fourth-inch diameter which 
utterly incapable of venting the tank extended about twelve inches down into 



FIG. 4. DESTRUCTION OP TWO GREAT LEVIATHANS OF THE HIGHWAY 

ON THE LINCOLN HIGHWAY. THE TRAILER OP AN ARTICULATED GASOLINE TANK TRUCK (SHOWN 
ON THE RIGHT) WAS EXPLODED BY THE ELECTROSTATIC SPARK PROM A LARGE PASSING TRANSPORT 
CARRIER (SHOWN AT THE LEPT) . EVEN THE CONCRETE HIGHWAY FOR 100 FEET WAS RUINED BY THE 
INTENSE HEAT PROM THE INFERNO OP BURNING GASOLINE. 
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tile two-inch ffll pipe. Where the hose 
head rested upon the rusted steel plate 
which formed the head of the fill pipe, the 
interposed oxides and grains of sand or 
dirt would effectively insulate the hose 
head from the fill head; and, in addi- 
tion, the lower end of the nozzle would be 
insulated from the fill pipe by the inter- 
vening films of the splashing gasoline — 
as laboratory tests proved conclusively 
that gasoline was an insulating fluid con- 
siderably superior to the best grades of 
transformer oil. The impounded nega- 
tive charge on the insulated truck body 
and hose increased in amount about pro- 
portionately with the flow of the gasoline 
until, finally, the resulting voltage to 
ground attained a value of several thou- 
sand volts, sufficient to cause a spark 
from the hose nozzle either to the fill 
head or to the fill pipe within. This 
spark initiated the fire. 

Here, too, the fire could have been pre- 
vented by the employment of safety prac- 
tices long since recommended by the 
National Board of Fire Underwriters and 
other safety-promoting agencies. The 
use of a grounding wire, during the un- 
loading of the gasoline, from the truck 
to an appropriate ground terminal, say 
on a water pipe, would have caused the 
discharge of the negative electricity as 
rapidly as it formed. Or, had the vent 
pipe from the tank been a separate pipe, 
discharging the vapors harmlessly into 
the air at the recommended distance of 
ten feet above the roof of the garage, 
fire would probably not have occurred. 
The most effective means of all, though, 
and one which actually eliminates the 
hazard of fire, would have been that of 
the “screw-in” type of hose nozzle, as 
now required by law in several of the 
large and more progressive cities. This, 
unlike the loose type of nozzle, screws 
into the fill pipe to form a perfect ground 
for the discharge of static electricity. 

'0(Ue No. 3, A certain new garage of 
a large public utility, which accommo- 
dated and served about two hundred 


automotive vehicles, had just opened for 
butuness. During the first week of opera- 
tion, an example of ill-advised practice in 
the simple process of refueling automo- 
tive vehicles, in this case an executive’s 
luxurious car, served to drive home a 
lesson in “safety first.” The car was 
driven into the garage property one 
crisp winter’s afternoon, stopping at the 
out-of-door gasoline pumps for refuel- 
ing. The attendant, who was new at the 
job, first removed the cap from the fuel 
tank of the car, and then reached for the 
fill hose. As he brought the hose nozzle 
near the tank, a spark jumped from the 
highly charged car to the grounded hose 
nozzle, ignited the inflammable mixture 
of gasoline vapor and air, and caused the 
beautiful, expensive car to burst in- 
stantly into flames. 

A trained filling station operator, gen- 
erally unobserved by the occupants of 
the car because it is done so casually, 
first touches the bare metal of the cor 
with the end of the hose nozzle, before 
removing the cap of the fuel tank, in 
order to discharge harmlessly any elec- 
tricity from the vehicle; and then he 
lifts the cap, after which, with immunity 
from fire hazard, he inserts the nozzle 
into the fill pipe of the tank. 

Conclusions. Thus the author has 
found from these and other instances, 
where fires have resulted from the hand- 
ling of gasoline en route to its destina- 
tion, that ordinary precautions against 
fire hazards or recommended practices 
in its handling were either abandoned or 
ignored. Such flagrant violations of 
recognized safety practices are continu- 
ally taxing industry with high economic 
tolls for costly physical damages as well 
as all too frequently resulting in irre- 
parable personal injuries. State and 
municipal codes of regulations to govern 
the safe handling of gasoline and other 
highly inflammable products should be 
instituted, and they should be rigorously 
enforced for the welfare of all and the 
conservation of life and property. 



MAN’S MULTIDIMENSIONAL ENVIRONMENT 


By LAWRENCE K. FRANK 

NEW YORK CITY 


Man finds himself in a series of envi- 
ronments to which he exhibits varying 
degrees of contingency. If we view 
human activity as occurring within a 
series of fields of which man's behavior 
may be regarded as a function, we may 
take one large step toward clarification 
of the present confusion and conflicts 
among students of human activity. 

We may recognize initially therefore a 
number of environments, namely : 

(a) The geographical environment of 
nature. 

(b) The internal environment of the 
mammalian organism. 

(c) The cultural environment of 
group life. 

(d) The social environment of com- 
munity living. 

Each of these environments conditions 
the functional processes, the activities 
and the conduct of man, but with vary- 
ing degrees of coerciveness. 

The Geographical Environment 

The basic geographical space, our nat- 
ural environment in which all organisms 
exist, may be conceived as a series of on- 
going processes and events — physical, 
chemical, biological — ^which occur in 
sequential patterns in accordance with 
the fundamental transformations of en- 
ergy. More generally, we may speak of 
organisms existing in geographical space, 
subject to gravitation, radiation, baro- 
metric pressure, heat and cold, and all 
the many impacts to which they are ex- 
posed in their several life zones. Consid- 
eration of this geographical environment 
and its meaning for human activity has 
been directed largely to the more dra- 
matic events that have brought either 
disaster or good fortune to man, with a 


consequent neglect of the continuous de- 
pendence of man upon the operation of 
these ongoing processes and events for 
his continued existence. 

To say that we are waiting upon 
broadly conceived formulations of man's 
relationship to the natural environment 
is merely to recognize how greatly we 
need a new conception of the relation of 
man to the universe and realization that 
man is a part of nature, not outside 
nature, as our theological traditions have 
for so long insisted. As Alfred N. 
Whitehead has so cogently remarked; 
‘‘It is a false dichotomy to think of 
nature and man. Mankind is that factor 
in nature which exhibits in its most in- 
tense form the plasticity of nature."' 

The evidence is slowly accumulating 
in support of the conception of man as a 
cosmic resonator to a wide variety of 
energy transformations so that he is con- 
tinuously absorbing, directly or indi- 
rectly, energy in different intensities as 
in sunshine, ultraviolet, electrical energy, 
infrared rays, etc. Moreover it is being 
shown that man is precariously depen- 
dent upon an adequate supply of the 
various minerals necessary for organic 
functioning and the various vitamins 
which he cannot manufacture for him- 
self. How dependent man is for the con- 
stant supply of these substances is shown 
by the way in which his health and his 
sanity are threatened, if not lost, after 
any prolonged deprivation thereof 
To understand adequately man’s rela- 
tionship to the geographical environment 
of nature we must realize the many im- 
plications of man’s mammalian ancestry, 
recalling the millions of years of evolu- 

' C/. Alfred N. Whitehead, Adventures of 
Ideas.*’ Macmillan, Now York, 1938. 
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tionary development, both in the mam- 
malian and in the pre-mammalian forma, 
through which he developed the capacity 
for existing in this geographical space 
and maintaining his amazingly compli- 
cated physiological processes, including 
reproduction, that are necessary for 
man^s continued existence and perpetu- 
ation. Only recently have we begun to 
gain any understanding of these mam- 
malian processes which are being re- 
vealed as the slow achievement of succes- 
sive evolutionary forms culminating 
apparently in mammals and especially in 
man who has the widest range of exis- 
tence of all mammals, from the arctic 
cold to tropical heat, from high altitudes 
to sea level and below. This then brings 
us to consideration of the next most im- 
portant environment in which man 
exists. 

The Internal Environment 

Man’s capacity for existing under such 
diverse and continually changing cli- 
matic conditions arises from his ability 
to maintain a relatively stable internal 
environment — an ability which, as indi- 
cated, was slowly evolved by his mam- 
malian ancestors. As recent studies have 
shown, the various organ systems and 
glands of internal secretion interacting 
through the blood and the lymph and the 
nervous systems are engaged in con- 
tinual readjustments for the mainte- 
nance of what W. B. Cannon has so 
well termed ‘ ‘ homeostasis. ’ ’ * Through a 
series of amazingly delicate interacting 
adjustments, the mammalian organism is 
able to maintain its internal environment 
within fairly narrow limits of fluctua- 
tion, or to recover stabilty very quickly 
after it has been displaced through some 
external event or pronounced organic 
activity. Thus the mammalian organism 

* W. B. Gannon, ‘ * The Wisdom of the Body. ' ' 
W. W. Norton and Co., New York, 1932. E. G. 
Hoikins, ‘‘The Tides of Life. W. W. Norton 
and Company, New York, 1938. 


is able to exist in a fluctuating, ever- 
changing environment, responding to the 
variations of heat, cold, barometric pres- 
sure, oxygen tension, as well as meeting 
the impact of traumatic events, of infec- 
tions, and the like, and also carrying on 
in the mature organism the internal 
functional activities associated with re- 
production and lactation. 

Just because this capacity for main- 
taining a stable internal environment 
was ‘‘learned” through millions of years 
of evolutionary development, these proc- 
esses take place ordinarily with little or 
no awareness on the part of man and 
with little or no conscious effort beyond 
that involved in seeking food and dirink 
and in eliminations. It cannot be too 
strongly emphasized that these achieve- 
ments of our mammalian ancestors have 
conferred upon us an amazing degree of 
freedom, not only to live all over the 
earth under the widest range of climatic 
conditions, but to carry on an extraordi- 
nary variety of sustained activities that 
are possible only because these basic or- 
ganic processes are continually taking 
care of our organic requirements and 
needs. 

Because we think of the environment 
as something outside or surrounding or- 
ganism, it is necessary to this discus- 
sion to reemphasize the statement that 
man, as a mammalian organism, exists in 
the geographical environment and also in 
this internal environment. It may be 
said that man lives between the external 
and the internal environments so that 
their interaction is continually being 
mediated by him through Internal read- 
justments or overt activities. At this 
point it may be appropriate to point out 
that man derives from his mammalian 
ancestry, but unlike all his predecessors 
he enjoys a unique status, in that as an 
organism he is relatively young and 
plastic, having escaped that differenti- 
ation and specialization of structure and 
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function which has marked the end of 
the road for all other species. Man is 
indeed unique, as Julian Huxley has 
recently emphasized,* since he has sur- 
vived without paying the price of fixity 
and sacrifice of further developmental 
possibilities, exacted from all other or- 
ganisms. It may also be desirable to 
emphasize that man, as pointed out years 
ago, has a prolonged infancy, much 
longer than any other species, during 
which he is engaged in further growth, 
development and maturation and there- 
fore is capable of considerable learning. 
In addition, man also has a much longer 
adolescence than any other species, which 
also makes possible further learning and 
adaptation before he reaches the adult 
steady state and more or less fixed pat- 
terns of activity of the mature organism. 

It is indeed astonishing to realize how 
little has been known about man, his evo- 
lutionary and hereditary background, 
his gestation, his growth, development 
and maturation. As we will have occa- 
sion to point out later, all of our tradi- 
tional ideas, conceptions and beliefs 
about man are derived from the most 
extraordinary myths and fantasies which 
can no longer be accepted in the light 
of the growing knowledge of human de- 
velopment. 

Many of those who are interested in 
studying man and trying to understand 
his activities have attempted to escape 
from these traditional mythologies by 
developing a rigorously biological con- 
ception of man. They have invoked the 
foregoing picture of man, the mammalian 
organism existing in the geographical 
world of nature, as acted upon by the 
ongoing processes and natural events and 
in turn reacting to these through his in- 
herited mammalian capacities. These 
attempts to develop a more rigorous bio- 
logical conception of man are highly com- 
mendable and are very much needed if 

s J ulian Huxley, * ' Man Stands Alone. ’ ’ Har- 
per, N. y., 1941. 


we are to gain a better understanding of 
human activities. It must be obvious, 
however, that to stop with a formulation 
in terms of man as an organism reacting 
to the geographical environment is to 
give a picture that is fundamentally in- 
adequate and incomplete, since nowhere 
do we find man, even among the so-called 
most primitive groups, living on a basis 
of organic functioning and biological 
impulse. 

Man, as indicated earlier, is indeed 
unique because, unlike all other species, 
he has made his adaptations, not by 
organic specialization and bodily differ- 
entiation, but through ideas and the use 
of tools; indeed, what distinguishes man 
from his fellow mammals is the develop- 
ment of the cerebral cortex which has not 
only made possible what we call human 
social life, but apparently has made it 
necessary for man to develop a mode of 
existence other than that of simple or- 
ganic functioning and impulsive be- 
havior. While it has been customary to 
think of man as driven by fear to build 
up defenses against a threatening en- 
vironment and natural enemies, it may 
be suggested that to a considerable ex- 
tent man may have been compelled to 
develop what we call social life, and espe- 
cially the arts, by sheer ennui and bore- 
dom, because, having a large brain, he 
could not be content merely to exist on 
an organic level. It may also be sug- 
gested that since man, as man, appeared 
relatively late he found various life zones 
more or less preempted by older species 
that had established themselves through 
their specialized structural and func- 
tional capacities and could maintain 
themselves therein more efficiently than 
could man, when he attempted to live on 
a purely biological level. Thus it seems 
probable that both through boredom and 
through the need for developing a mode 
of living that was compatible with his 
needs and capacities and the opportuni- 
ties available to such a late arrival, man 
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proceeded to develop in his early days 
what we call culture. 

The Cultural Environment 

The conception of human culture has 
not been very widely used or accepted 
except among anthropologists and the 
students of pre-history ; therefore, it may 
be desirable to approach the discussion of 
the cultural environment by indicating 
what at this time may have been the 
probable origin of culture. Let us recall 
that from his earliest beginnings man has 
faced certain persistent tasks of life, 
namely ; 

1. To come to terms with nature in 
order to gain sustenance, to find security, 
and to achieve survival in a world both 
precarious and problematic. 

2. To organize a group life so that in- 
dividuals can live together and partici- 
pate in the division of labor, which 
group living both necessitates and makes 
possible. 

3. To transform organic functioning 
and impulsive behavior into the pat- 
terned conduct of group life and of 
human living as distinct from biological 
functioning. 

Each species has worked out a way of 
life by learning to deal with certain 
selected aspects of the life zone in which 
it lives. Thus in the same life zone we 
find insects, reptiles, birds and mammals, 
finding sustenance, achieving survival, 
but each living in one of the many worlds 
which that same life zone provides for 
the selective awareness, specialized needs 
and the differentiated capacities of each 
species. These separate worlds may and 
frequently do conflict or interlock in the 
sense that we have predators, parasites 
and S3Tnbiotic species; but it is not un- 
warranted to speak of these diverse but 
coexistent worlds as being created out 
of the totality of nature by what each 
species responds to and what it ignores 
and disregards in that life zone. We 
might say that nature presents a differ- 


ent perspective to each species which at- 
tempts to live within the dimensions of 
the life zone revealed by its own specific 
phylogenetic history. 

In much the same way we may con- 
ceive of man working out his human way 
of life by developing the specific perspec- 
tive which he imputes to or imposes upon 
the geographical environment of nature 
in which he finds himself. Here we have 
to face one of the major difiSculties in 
attempting to clarify this larger problem 
of man and his environment, since we are 
prone to adopt a more or less unidimen- 
sional or absolute picture in accordance 
with our whole rational, intellectual tra- 
dition. We must make a special effort, 
therefore, in order to be able to think in 
multidimensional terms which means that 
wc must recognize that man, as a mam- 
malian organism, exists in nature and 
reacts to the ongoing processes and 
events of what we call the “real or physi- 
cal world, “ but at the same time he de- 
velops a highly specialized picture of 
that world in accordance with the basic 
conceptions and assumptions that he 
makes about the world and himself.^ 
Thus he exists in the geographical en- 
vironment of nature and responds 
thereto with his inherited mammalian 
capacities, but nevertheless he builds up 
a highly selective version of that world 
and responds thereto in the rigorously 
patterned functions and conduct pre- 
scribed by his culture. 

Culture, therefore, might be described 
as the process by which man creates and 
maintains this peculiarly human world 
and group way of life, this cultural en- 
vironment which he imposes upon the 
geographical and the internal environ- 
ments, upon nature and himself, in ac- 
cordance with the basic ideas and con- 
ceptions which he himself has developed. 
All over the world, therefore, we find 
different groups of people all belonging 

*C/. the writer's paper, Science and Cul- 
ture.'’ The SciENTino Monthly, Vol. L, No. 
6, pp. 491-497. June, 1940. 
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to the same human species but with 
minor variations of color and size, exist- 
ing as organisms in the same geographi- 
cal world of nature, yet each group lives 
in a distinct cultural world of its own 
historical creation. Each of these differ- 
ent cultures may be interpreted as an 
answer proposed by man to the persistent 
life tasks which he has faced and these 
answers may be said to arise from the 
four basic assumptions or organizing 
conceptions of each culture, namely : 

1. The nature of the universe; how it 
arose, or was created; how it operates; 
who or what makes things happen, and 
why. 

2. Man’s place in that universe; his 
origin, nature and destiny, his relation to 
the world ; whether in nature or outside 
nature. 

3. Man’s relation to his group; who 
must be sacrificed for whom; the indi- 
vidual’s rights, titles, obligations and 
interests. 

4. Human nature and conduct; man’s 
image of self and his motives; what he 
wants and what he should have ; how he 
should be educated and socialized. 

With these conceptions or assumptions 
man has attempted to order events, to 
organize experience, and to give meaning 
and significance to the environing world 
and to his own life. Whatever exists and 
happens will be viewed and interpreted 
in terms of these basic ideas, beliefs, and 
conceptions which are expressed in what 
we call the religion, the philosophy, the 
law and the art of each cultural group. 
They provide the only group sanctioned 
ways of believing, thinking, acting, feel- 
ing, and speaking, giving rise to the eidos 
and the eihos of each culture.® 

The more we reflect upon the cultural 
environment the more amazing it be- 
comes, because we see that under the 
coercion of his own historically devel- 

» C/. Gregory Bateson, ' * Naven. * ^ Cam- 
bridge University Press, London, 1936. Esp. 
Chapters iii, viii, ix, xiv and zv. 


oped culture man has rigorously limited 
himself to what he may, may not, and 
must do, often depriving himself of the 
rich opportunities offered by his life zone 
for meeting his needs and requirements 
as seen in the extraordinary variety of 
taboos and inviolabilities which he has 
established for his own observance. 
Moreover, we see man engaged in a be- 
wildering array of rituals and cere- 
monies designed to deal with the environ- 
ment as conceived by his culture, which, 
in the light of our growing knowledge of 
natural processes and events are often 
erroneous. No better example of this can 
be cited than the amazing variety of fer- 
tility rites that man all over the world 
has and still does practice, hoping by 
sjmipathetic magic or other practices to 
enhance or modify the fertility of birds 
and animals upon which he depends for 
sustenance and his own fecundity. What 
is perhaps the most remarkable aspect of 
the diverse cultural environments that 
have been developed all over the world is 
that man has been able to survive despite 
the misconceptions and erroneous as- 
sumptions he has made about nature and 
himself. 

What we need to emphasize here is that 
this cultural environment is a highly 
developed series of possibilities, of com- 
pulsions and of prohibitions which very 
specifically define the geographical 
environment of nature, the internal 
environment and man’s interactions 
therein. In any attempt to understand 
human activities full recognition must be 
given to this cultural environment since 
it is usually more coercive and restrictive 
than the geographical environment of 
nature and the internal environment of 
his own organism. Moreover, it must be 
evident that man cannot, except perhaps 
when psychotic or wholly lacking in in- 
telligence, live on a biological basis of 
simple physiological functioning and or- 
ganic impulse. Here we see why the 
well meant efforts of many scientists to 
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foster a more objective and realistic view 
of human existence, however laudible 
their attacks on superstition and folk- 
lore, are inadequate and must be rejected 
since man cannot accept and live upon a 
purely objective basis. To be wholly ob- 
jective means to deal with the environ- 
ment only in terms of the processes, 
events and the biological functions of 
nature and to reject any patterns of con- 
duct which involve aspirations, inhibi- 
tions, functional patterning, and the 
other aspects of human conduct as dis- 
tinguished from organic behavior. 

Moreover, culture, by the very de- 
mands it places upon man and the limi- 
tations it imposes upon his naive organic 
demands and functioning, frees him from 
the coercive control of hunger, sex and 
emotional outbreaks. If he did not learn 
to modify his internal environment by 
transforming hunger into appetite for 
the food favored by his group, eaten at 
the prescribed intervals, he would be 
driven incessantly to seek and appropri- 
ate available food and eat continuously 
like many other organisms. If also he 
did not build up some respect for the 
inviolability of things and persons — 
what we call private property and the 
sanctity of the person — he would be con- 
tinually subject to invasion of his body 
and goods by others or driven to attack 
others. Moreover, if he did not develop 
the awareness and the rather rigidly pat- 
terned emotional expressions and repres- 
sions, as favored by his group, he would 
miss most of the richness and significance 
of life and be at the mercy of every emo- 
tional impulse in himself and others. In- 
deed, we must recognize that whatever 
we cherish and value in life derives from 
the cultural formulations that have given 
meaning and richness to nature and liv- 
ing, all of which would be lost or de- 
stroyed by a purely objective mode of 
acting and thinking.^ 

®C/. the writer's paper, ‘‘Art and Living," 
The American Magaaine of Art, May, 1932. 


What culture does is to establish a 
selective version of the geographical en- 
vironment and also a more or less rigidly 
controlled or restricted internal environ- 
ment, so that both environments operate 
upon man to foster the kind of conduct 
and functional activity favored by the 
group traditions. 

The necessity for recognizing the cul- 
tural environment and its coerciveness 
appears more clearly when we view the 
process by which this cultural environ- 
ment is established. Unlike the geo- 
graphical environment of nature and the 
organic patterns and functional activity 
of the internal environment, the cultural 
environment depends for its continuation 
and maintenance upon the process of cul- 
turation, that is, educating each genera- 
tion of children in terms of the basic 
ideas and conceptions, the selective 
awareness, the sensibilities, the socially 
sanctioned ways of functioning, thinking, 
believing, speaking, acting and feeling. 
Only insofar as children learn to see the 
world, including other people and them- 
selves, in terms of their cultural tradi- 
tions, learn to observe the group sanc- 
tioned patterns of functioning, conduct 
and feeling, will a culture persist. Each 
child in all the different cultural groups 
throughout the world arrives on the scene 
as a more or less plastic organism who is 
rapidly molded into the patterns ap- 
proved by the group so that the cultural 
environment in which he grows up be- 
comes the only valid and acceptable way 
of seeing, thinking, acting and feeling. 
Indeed, this parochialism of cultures by 
which the individual learns what the 
group traditions teach aTid grows up to 
believe that that is the only valid way of 
looking at life, is one of the very curious 
aspects of human existence as expressed 
in intolerance and other forms of nar- 
row-minded suspicion of all that is dif- 
ferent.^ 

7 C/. Eliot D. Chappie and Garleton 8. Coon, 
“Principles of Anthropology." Henry Holt 
and Company, New York, 1942. 
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We must continually remind ourselves 
that the cultural environment is a human 
creation which depends precariously 
upon the continuity of tradition, that is, 
upon inculcating these basic patterns of 
ideas in children. There is nothing in 
the natural biological environment which 
requires or necessitates any specific cul- 
tural pattern or social organization al- 
though, as indicated earlier, it seems 
clear that some form of culture is essen- 
tial to man. Perhaps we might say that 
nature has been patient of the amazing 
variety of cultural formulations which 
we find all over the world.® 

The coerciveness of the cultural en- 
vironment upon man derives from the 
very process by which it is established, 
namely, the education of the young child, 
who, as he grows up and reacts to his 
internal environment and to the external 
world is continually supervised and ad- 
monished by his parents and other adults 
so that he is forced to accept what he is 
taught, at least to the extent of adopt- 
ing the larger patterns of his culture as 
we will see later. However, even the 
most coercive teaching does not produce 
a uniform result since each individual 
will accept these teachings in his own 
idiomatic fashion.® 

Undoubtedly the persistence of cul- 
tures, despite the anomolies and the 
almost unbelievable practices, has been 
due in large measure to the sanctions 
that have been invoked for maintaining 
the culture. Every culture apparently 
has a theory of origins which usually 
teaches that their particular culture is 
a superorganic, superhuman, if not 
supernatural, creation which may not be 
criticized or questioned. Thus we find 
that each group believes that its culture 
is a part of the cosmos and operates 
wholly above and beyond human direc- 

® See World Order and Cultural Diversity, 
Free World, June, 1942. 

• C/. the writer's paper, Cultural Coercion 
and Individual Distortion," Psychiatry, Vol. 2, 
pp. 11-27, 1939. 


tion and control. To criticize or to chal- 
lenge these basic conceptions and beliefs 
is considered impious because the culture 
is believed to be the product of some 
supernatural revelation that has been 
given to man for his guidance. Thus, 
theology, philosophy, law and art reiter- 
ate and reenforce the basic cultural for- 
mulations and support the social life 
which provides. 

The Social Environment 

As pointed out earlier, the persistent 
life tasks which have faced man from the 
very beginning arise from the necessity 
of coming to terms with nature, of organ- 
izing some kind of group life and of im- 
posing some patterns of conduct upon 
human activity. Here again we find that 
the social environment, like the cultural 
environment, may be regarded as a field 
of limited possibilities of human conduct, 
within the range of which the individual 
must carry on his life activities. We 
may gain a better understanding of this 
social environment if we will recall how 
the young child, beginning shortly after 
birth, is inducted into the use of these 
socially sanctioned patterns of conduct 
The infant undergoes the process of 
socialization, as it has been called, 
wherein he is called upon to surrender 
much of his physiological autonomy and 
accept group sanctions, customs and pat- 
terns. He learns to adapt his physiology 
to the food and eating practices of the 
group, he accepts certain patterns for the 
control of eliminations, and he submits 
to certain patterning and regulation of 
his emotional reactions to others. Here 
we see how the culture supports the 
social life which in turn imposes upon 
the individual certain basic patterns of 
functional activity that are considered 
desirable, if not necessary, to the group 
life so that the infant soon accepts what 
the social life demands and permits as 
the appropriate way of living. 

The young child also is inducted into 
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the use of language and rapidly learns 
not only to respond to the verbalizations 
of others but to utilize those verbaliza- 
tions for communication to others. As 
the study of comparative linguistics has 
shown, while there is a limited number of 
larger categories of languages, neverthe- 
less there is an amazing variety of lan- 
guage systems, each of which is adapted 
to express the ideas and concepts that are 
supplied by the culture with a vocabu- 
lary that represents historically the de- 
velopment of the group life. The young 
individual is also taught to recognize the 
wide variety of symbols and their mean- 
ings, which involves the recognition of 
highly specialized meanings and signifi- 
cances that are imposed upon the com- 
mon features of everyday life because 
they have received that conventionalized 
significance. As soon as the child has 
begun to become more or less oriented to 
life and capable of asking questions and 
understanding, he is taught the basic 
ideas and beliefs of his culture so that 
from his earliest days he learns to see and 
interpret the world around him accord- 
ing to his cultural prescriptions, and he 
is thereby progressively transformed into 
a participating member of his culture 
and of his society and learns to live in the 
cultural and the social environments pro- 
vided by the group life. 

As pointed out earlier, the major prob- 
lem of group life is to transform the 
naive, impulsive behavior of individuals 
into patterned conduct so that they can 
live together, participate in the group 
life and, above all, can and will accept the 
requirements for social order. It is evi- 
dent that if each individual is free to 
express his impulses and aggressive ac- 
tions there can be little orderly social 
life and not much opportunity for any 
other activities than those observed 
among animals which spend most of their 
lives in hunting food and defending 
themselves from attack. Thus we find 
that each cultural group builds up an 


orderly social life by inculcating in the 
young the observance of the inviolability 
of objects, places and persons which we 
call private property and the sanctity of 
the person. This comes about through 
the process of prohibiting the naive, im- 
pulsive action of children toward objects 
and people, often by more or less severe 
punishment, until they can learn to 
tolerate exposure to biologically ade- 
quate stimuli without responding thereto. 
Thus we see how the prohibitions laid 
upon children by adults are transformed 
into self-administered inhibitions which 
prevent the child, even when beyond 
adult scrutiny, from approaching, taking 
or attacking. It may be suggested that 
the concept of inviolability is probably 
one of the basic aspects of all cultures 
and all societies since some observance of 
inviolability of objects and of persons, 
particularly those of the other sex, has 
been found in all groups thus far ob- 
served.'® 

The young child must learn not only 
to observe the inviolabilities described by 
his society but he must also learn to per- 
form all the different actions which are 
deemed necessary and appropriate, such 
as those that are defined by the mascu- 
line and feminine roles and kinship rela- 
tions, by the group sanctioned scheme of 
rank, caste, and class and similarly pre- 
scribed conduct. Thus the child grows 
up under the constant tuition of his par- 
ents and other adults to learn a reper- 
tory of conduct of what he must not do, 
and what he must and what he may do, 
and his status in the community is 
largely defined in terms of these pro- 
hibitions and compulsions. The whole 
scheme of property owning and control 
and the regulation of sexual activity and 
mating therefore is based upon these 
fundamental lessons in inviolabilities and 
compulsory activities. 

10 Cf. the writer 's paper, ‘ * The Concept of In- 
violability in Culture.’’ American Journal of 
Sociology , Vol. xzzvi, No. 4, pp. 607-615, Janu- 
ary, 1931. 
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Preparation for the social life starts 
with these fundamental lessons of in- 
violability and compulsion, but in order 
to provide for the orderly patterned rela- 
tions between individuals the group life 
must provide more or less well-prescribed 
institutional practices and rituals, such 
as contract, barter and sale, courtship 
and marriage, property owning, litiga- 
tion and the various political practices 
such as voting, negotiation, and the vari- 
ous activities associated with war and 
defense. It is these more or less stereo- 
typed institutional practices which every- 
one must utilize in daily living that di- 
rect the conduct of each person to an- 
other who responds with the appropriate 
pattern. Thus the aggregate of pat- 
terned individual conduct gives rise to 
that appearance of order, regularity and 
uniformity which has been interpreted 
as the evidence of a social mechanism or 
system. 

What we should observe here is that 
through these lessons the young indi- 
vidual is taught the various patterns of 
conduct through which he can carry on 
his life activities and he is given the 
aspirations and goals, the picture of a life 
career in terms of which he will direct his 
energies. 

One of our most venerable beliefs is 
that our social life is a part of the 
cosmos, a sort of superhuman mechanism 
or organization, existing somewhere be- 
tween earth and sky and operating 
through large scale forces like gravita- 
tion which we call ‘‘social forces.’’ The 
belief in this so-called social organization 
is widely accepted by social theorists and 
social philosophers, deriving in large 
part from the historical fact that when 
the philosophers and political theorists 
and economists and later sociologists at- 
tempted to order events they took over 
the Newtonian conception and utilized it 
as a conceptual scheme for the discussion 
of social life and group activities. It 
must be evident, however, that what we 


call the social environment is essentially 
a historical development of man’s own 
creation which he has imposed upon him- 
self in the endeavor to achieve some form 
of social order and that its persistence 
depends wholly upon the perpetuation of 
these patterns from generation to genera- 
tion. 

It must be obvious that group life and 
what we call social organization are 
essentially aspirations, an attempt to cre- 
ate some form of social order which is 
never given, but must be achieved by 
patterning the naive and impulsive be- 
havior of man into orderly and regular 
conduct. The observance of inviolabilities 
of things and of persons, and the 
performance of compulsory activities 
through the use of group sanctioned 
stereotyped rituals and institutional 
practices are essential for any large 
aggregate of individuals who live in close 
proximity and in the increasingly differ- 
entiated division of labor which modern 
technology makes essential. It may be 
asserted with all emphasis that some cul- 
tural formulations and some kind of 
organized group patterns of conduct are 
essential, but that the major question is 
“who shall be sacrificed for whom” or 
rather what sensibilities and values will 
govern the group life as thus established. 
With the emphasis upon technology and 
scientific knowledge it is necessary to 
assert vigorously that the quality of 
social life is governed primarily by sensi- 
bilities — of how we feel toward other 
persons, as we see when we examine what 
we call social progress wherein the devel- 
opment of new sensibilities have been the 
major factors in limiting or abolishing 
slavery and serfdom, child labor, and the 
other forms of human exploitation. 

As soon as we recognize that social 
order is not given but must be achieved, 
by building into individuals the patterns 
of conduct, the aspirations, and the sensi- 
bilities which will govern the basic di- 
mensions and quality of society, then we 
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will realize that the social scientist and 
the technologist can tell us how to pro- 
ceed, but they cannot tell us what to 
strive for. This is essentially a task for 
the artist who can create and refine the 
sensibilities and the aspirations that will 
govern the group life. Above all the 
quality of the group life refiects and to 
a large extent expresses the personality- 
character structure of its members, since 
the individual, as an Individual, while 
existing as an organism in the geographi- 
cal world of nature and surviving 
through the operation of his internal 
environment, carrying on his life activi- 
ties in the cultural and in the social en- 
vironments of which he is a participating 
member, really lives in his private world. 

Private World 

To say that each individual really lives 
in a private world of his own may sound 
utterly absurd because we see others 
moving about in the common public 
world of our social life, using language, 
institutional practices, and the general 
patterns of social conduct and otherwise 
giving very compelling evidence that 
they are sharing the same world in which 
we live. We all do exist in the common 
world of geographical space as indicated 
earlier, we move about as organisms and 
interact with the geographical environ- 
ment; indeed, one test body or instru- 
ment for recording this real world of 
geographical space is the human organ- 
ism and its response to varying condi- 
tions of barometric pressure and tem- 
perature to say nothing of the response 
to gravity. Moreover, as we carry on our 
daily activities of buying, selling, negoti- 
ating, and otherwise participating in 
shared activities, we see clearly that we 
are participating in the public world of 
our traditional culture and our social 
life. Here is where it becomes necessary 
to invoke a multidimensional conception 
of the environment to enable us to grasp 
the conception of the individual human 


organism living in different environ- 
ments for each of which there are highly 
appropriate data. 

We may obtain a better understanding 
of this private world environment in 
which each individual lives if we will 
recall again the process by which the 
individual child is culturized and made 
a participating member of his society. 
Parents and teachers of the young all 
share a more or less common understand- 
ing of what the culture and the society 
prescribe and attempt to communicate 
these beliefs and patterns of conduct to 
the young, but each individual differs 
genetically and constitutionally and has 
had different life experiences, especially 
in the way he or she has developed an 
affective or emotional attitude toward 
life and toward this particular child who 
is being instructed. The lessons are sup- 
posed to be officially correct in accord- 
ance with tradition but are always 
warped and biased according to the par- 
ent or teacher’s own personality make-up 
and emotional orientation. It happens, 
therefore, that the parent-teacher pre- 
sents to the child what he believes to be 
the official socially sanctioned lesson but 
it is a distorted and frequently bizarre 
version of the correct lessons. There- 
fore, not only is the child presented with 
a variation of the official cultural and 
social lessons, but what is more impor- 
tant, he receives this teaching always 
with a bias and an emotional significance 
that is uniquely his own. Here we must 
pause to point out that the individual 
organism, especially man, faces each new 
situation with a definite set or organic 
state which he carries over from his pre- 
vious experience. Tlius learning is a 
cumulative process and what we call the 
past continues to operate in the present 
insofar as past experience has modified 
the organism in ways that persist into 
the present.^^ Thus each new lesson pre- 

C/. the writer ^8 paper, ‘'Time Perspec- 
tives,'' Journal of Social Philosophy, Vol. 4, 
pp. 293-312, 1939. 
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sented to the child gains an emotional 
significance and is biased by what the 
child has experienced earlier. Moreover, 
insofar as the child faces an adult who is 
exercising authority over him which is 
kindly or more frequently severe if not 
brutal, he is reacting emotionally to his 
teacher. 

To say, therefore, that the individual 
child, undergoing the process of being 
culturized and made a participating 
member of our society, learns a highly 
idiomatic and idiosyncratic version of 
what he is supposed to learn, is to recog- 
nize the basic process of human learning 
and to accept what our whole experience 
of life confirms, namely, that each indi- 
vidual sees the world about him, includ- 
ing other people, always in terms of the 
highly specific meaning and emotional 
import which they have for him alone. 
Thus, the notion advanced earlier that 
the individual really lives in a private 
world of his own is but a confirmation of 
our own experience and the beginning of 
real insight into human conduct. An- 
other way of approach to this same situ- 
ation is to recognize that each individual 
lives in his specific ‘‘life space, which 
becomes organized or structural ized in 
accordance with his own peculiar life 
experience and feeling and emotional 
attitudes. In a very real sense we may 
say that the individual, moving about in 
the common public world in which all 
organisms exist, creates this very idio- 
matic private world or life space in which 
every object, situation and person is 
given the highly specific and peculiar 
meaning with which he invests all his 
experience. What we call personality 
may be viewed as this dynamic process 
of organizing and interpreting experi- 
ence and reacting aflEectively to the situ- 
ations and relationships which we our- 
selves impose upon events and people 
according to our life experiences. The 
C/. Kurt Lewin, * * A Dynamic Theory of 
Personality.^^ McGraw-Hill, 1936, N. Y. Also 
recent etn^ee at the Iowa State University. 


personality might be likened to a rubber 
stamp with which we go about stamping 
situations and people with the particular 
set patterns of our personality. What- 
ever life has meant to us, especially in 
the earlier years when we have been 
building up this personality process, be- 
comes coercive upon us so that we con- 
tinue to see and feel toward life always 
in terms of these early established set 
patterns. 

If we will reflect briefly on this situ- 
ation our own life experience will con- 
firm what we have said, because we 
realize how impossible it is for any one 
person to see life in the terms and with 
the meaning that each situation presents 
to another. Moreover, we know that even 
when a group of people are all in a small 
room listening to a person speak, each in- 
dividual in that room will be seeing a 
different speaker and hearing a different 
speech, not what the speaker says but 
rather what each individual hears. 

The individual personality has a highly 
developed selective awareness which 
picks out of the total situation that to 
which it will attend, and that which it 
will completely ignore. To a certain ex- 
tent this personality process might be 
compared to a chemical valence, as we 
have learned to speak of the capacity of 
different substances to react chemically 
with others. Thus we know that if we 
apply a specific acid to all the different 
substances in a room it will react upon 
some and be unable to act upon others, 
and in each chemical reaction that takes 
place there will be produced a specific 
kind of salt, depending upon the kind 
of acid we employ. In much the same 
way the individual personality process 
will interact to certain situations and 
avoid all others and when it does react 
it will always contrive to produce the 
kind of situation which that personality 
process requires. 

The beginning of an understanding in- 
sight of human conduct comes with the 
realization of these private worlds in 
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which we live and from which we can 
never escape. Only thus can we begin 
to nnderstand the fears and compulsions, 
the anxieties, the hostilities, the preju- 
dices and resentments, the enthusiasms 
and dislikes which each individual brings 
to life, and only thus can we begin to 
gain a sympathetic awareness of how 
certain individuals spend their whole 
lives in prolonged conflict or anxious con- 
cern over questions which, to an outside 
observer, appear to be utterly absurd and 
without substance. What we call the 
neurotic is essentially an individual 
whose private world is built upon some 
bizarre, if not fantastic, assumptions 
which he insists upon maintaining even 
though it may require all his energies 
and force him to renounce all other life 
activities. Indeed, the most astonishing 
aspect of human conduct is the way in 
which individuals dedicate their lives to 
utterly unreal but completely compelling 
beliefs and purposes that can be under- 
stood only insofar as we can sympatheti- 
cally understand the private world that 
gives those beliefs and purposes their 
coercive meaning.^® Nor can we under- 
stand the amazing irrationality of human 
conduct unless and until we can realize 
how much of our thinking and acting is 
dictated by the persistent, affective reac- 
tions that were built up in us in child- 
hood which continue to dominate all the 
rest of our lives and make us constantly 
feel anxiety and guilt or resentment and 
hostility and force us to be depend ently 
submissive or arrogantly dominating to 
others. 

As we come to understand and accept 
this private world environment in which 
we really live we begin to see a little more 
clearly what human history means as we 
realize how individuals and groups have 
always been moved by the assumptions 
and beliefs of their culture and the 

1*0/. the writer’s paper, ‘'Freedom for the 
Personality,” Psychiatry ^ Vol. 3, No. 3, August, 
1940, pp. 341-349. Also “Projective Methods 
for Study of Personality.” Journal of Psychol- 
ogy, 8, 389-413, 1939. 


coercive dominations of their private 
worlds regardless of how they differed 
from the so-called objective real world of 
nature. We may also begin to under- 
stand why the wholly rational arguments 
and programs that are offered man so 
seldom receive his recognition or accep- 
tance. As we see in the more serious 
cases of mental disorders the individual 
must at all costs to himself and to society 
strive to maintain the private world in 
which he lives. Only that which is emo- 
tionally congenial and can be incorpo- 
rated into the dimensions of this private 
world will be accepted by individuals and 
by groups. As we look back historically 
on our own culture and on the records of 
other cultures we see recurrent phases of 
extreme pressure to force the individual 
into developing a private world that is 
rigidly organized by outside authority 
or alternating periods when individufid 
deviations have been not only tolerated, 
but encouraged. If the contemporary 
discussions of democracy with the empha- 
sis upon the recognition of the integrity 
of the individual are to have any mean- 
ing, we must begin to translate that 
aspiration over into a program and a 
process that will attempt to foster the 
development of the individual private 
worlds that will be more sane and whole- 
some, that is, less conflicting and dis- 
torted by neurotic and emotional dis- 
turbances, oriented to the larger common 
purposes and goals through which alone 
a society can gain unity. Until an indi- 
vidual personality can live at peace with 
himself in his private world he cannot 
live at peace with his group life. For an 
orderly society we need individuals capa- 
ble of orderly cooperative living, who can 
bear the burdens of freedom and sustain 
social order in and through their own 
personal conduct and feelings.'^ 

Ill 

We have inherited a series of ideas 
and beliefs about man and nature, many 

Erich Fromm, “Escape from Freedom,” 
Farrar and Binohart, N. T., 1941. 
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of which have become incredible in the 
light of new scientific knowledge and 
understandings and many of which have 
become intolerable to our more recently 
won insights and aspirations. If we 
accept this multidimensional conception 
of man^s environment, we may clarify 
some of the present day confusions and 
conflicts, not only in public affairs but 
also in scientific discussions. 

It is evident from even a hasty perusal 
of scientific literature that each scientific 
discipline has developed its instruments 
and techniques for research and is in- 
clined to formulate or to reformulate 
every question it investigates in terms of 
the assumptions and concepts of that 
discipline. Thus the biologists are eager 
to translate all questions concerning man 
and his behavior into biological questions 
and insist that only such questions are 
scientific. It can be asserted that purely 
objective methods and data are essential 
to biological investigation but that man 
merely exisU as an organism in geo- 
graphical space. All his observable con- 
duct and group relationships are cultural 
and social which are not objective, but 
are aspirations and ideals, like local dis- 
tortions and aberrations of the geo- 
graphical space that is bent or curved in 
the immediate neighborhood of the sun. 

In similar fashion the physiologists 
and others who are concerned with man's 
functional processes, with the mainte- 
nance of his internal environment, are 
often emphatic in their assertions that 
only objective methods and data as found 
by their techniques are possible for the 
study of human behavior and conduct. 
Whatever can not be brought within the 
reach of these physiological methods they 
would ignore or rule out as irrelevant 
and worthless. Curiously enough this 
position has been recently undermined 
and rendered almost untenable by the 
cumulative evidence of how man's inter- 
nal environment can be seriously and 
persistently disturbed not only by emo- 


tional reactions but by persistent affec- 
tive disorders. Thus a man's heart rate 
or blood pressure may be enhanced by 
anxiety or hostility which differ from 
fear and rage, in that they are chronic 
tensions localized in one organic function 
while fear and rage are all over total 
organic reactions to some exigent or 
threatening situation. Even more sig- 
nificant is the demonstration that these 
persistent functional disturbances can 
often be reduced or even eliminated by 
treatment of the personality of the indi- 
vidual, especially by helping him to recall 
the often forgotten events which have 
been disturbing him. 

What is of especial significance is that 
in the absence of an adequate biological 
stimulus-situation the individual reacts 
with an organic process wholly irrele- 
vant to or incongruous with the actual 
situation in which he finds himself : his 
heart beats are accelerated as if fright- 
ened or under heavy load of exertion 
while seated in a room alone ; his vascular 
system contracts, his respiration is ac- 
celerated or constricted, his skin blanches 
or is suffused with blood or exhibits local 
disturbances, and so on.^® 

Thus the realization of how persistent 
affective reactions, derived from prior 
experience, chiefly from childhood, can 
disturb physiological functions, has made 
the criterion of purely objective physio- 
logical data rather complicated if not 
impossible, since individuals and experi- 
mental animals are reacting affectively 
all the time. 

Psychologists have also proposed their 
formulations and applied their methodol- 
ogies to man and his conduct primarily 
in terms of their specific assumptions and 
dimensions. There are of course many 
different schools of psychological investi- 

iBC/. H. Flanders Dunbar, Emotions and 
Bodily Changes, Columbia University Press, 
New York, 1939, second edition. Bela Mittle- 
man and Harold G. Wolff, Emotions and 
Gastroduodenal Functions.” Psychosom. Medi- 
cine, lY. 2. Jan. 1942, p. 6-61. 
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gation from the purely reflex study, simi- 
lar in intent and scope to that of the 
physiologists, to the larger range of the 
social psychologists, the educational psy- 
chologists and others who are more con- 
cerned with man’s conduct and feelings. 
What should be noted is that each of 
these schools emphasizes one or more 
aspects of human behavior or of man’s 
reactions to these different environments 
in its methods of study and upon those 
limited data often erects a large edifice 
of theory concerning all of human con- 
duct. 

Social scientists are inclined to focus 
their attention upon the institutionally 
patterned conduct of social life as exhib- 
ited in buying and selling, of economic 
affairs and voting, etc., of political life 
or the varieties of deviations shown by 
delinquents, criminals, vagrants, and so 
on. It has been customary to assume, as 
indicated earlier, that there is a super- 
human mechanism or organization which 
regulates economic, political and social 
life through the operation of large scale 
forces, acting at a distance. The study 
of human conduct and of group life in 
terms of this assumed mechanism or 
organization ignores the biological and 
cultural environments and the individual 
personal private world. What is espe- 


cially to be noted is that the activities of 
individuals in an institutionally struc- 
tured social environment are registered 
in a wide variety of records — prices, 
votes, wages, consumption, production, 
and so on. If these different data are 
reified into entities, forgetting that they 
record human activities, then we may 
create problems that can never be solved 
because artificial. 

Likewise, among students of the hu- 
man personality there is a disposition to 
focus upon the individual’s internal en- 
vironment and private world and neglect 
the social-cultural world in which that 
individual personality arose and now is 
living. Thus, some formulate the prob- 
lem of human conduct largely in terms 
of biological instincts to which they at- 
tribute most, if not all, of human activi- 
ties, minimizing or ignoring how culture 
operates to modify the so-called instinc- 
tive processes which in men are less 
coercive than in any other species. 

It should be evident that we need a 
multi-dimensional conception and meth- 
odology for the study of human conduct, 
wherein all the disciplines may collabo- 
rate by helping to observe and, wherever 
possible, measure the many dimensions 
of man’s environment and of his pat- 
terned conduct and feelings. 



THE FAMILY LIFE OF CENTRAL AMERICAN 

WOODPECKERS 

By Dr. ALEXANDER F. SKUTCH 

SAN ISIDRO DKL GENERAL, COSTA RICA 


Few birds, it seems to me, lead such 
easy, comfortable lives as the woodpeck- 
ers. The specialization of bill, tongue, 
feet and internal structure which enables 
them to carve into fairly -hard wood 
places at their disposal rich supplies of 
food quite inaccessible to all their bird- 
neighbors. But while they have the 
wi^ore deeply imbedded wood-boring 
grubs ali to themselves, the majority of 
the woodpeckers remain suflBciently 
flexible in structure and mentality to take 
advantage of other sources of nourish- 
ment. They eat fruit, catch flying in- 
sects, and some even store acorns and 
dead insects for less bountiful seasons. 
By virtue of their energy, resourceful- 
ness and forehandedness, they easily 
satisfy their appetites and enjoy much 
spare time for rest or play. In this they 
contrast sharply with such small insec- 
tivorous birds as warblers and gnatcatch- 
ers, which must devote most of their wak- 
ing hours to the unending quest for 
food. 

True addicts to the life of ease and 
luxury, they disdain to pass the night 
exposed to rain and wind, in the manner 
of the majority of birds, but as evening 
falls seek the snug bedchambers they 
have carved for themselves in dead 
trunks and branches, where they sleep 
warm and dry. Compared with most 
other kinds of birds, they as a rule go 
early to bed and get up late, for, like 
other creatures with comfortable beds, 
they are frequently reluctant to quit 
them. Their eggs and nestlings, placed 
in these same neatly carved cavities, 
generally at a good height, are less ex- 
posed to attack by snake and hawk and 


weasel than those of birds that nest in the 
open. Hence baby woodpeckers can af- 
ford to linger longer in the nest than the 
young of most small birds ; for as a rule, 
the greater the nestlings* exposure to at- 
tack, the more precocious their dispersal. 
Young woodpeckers do not venture forth 
from their snug nursery until they can 
fly well and escape most of their enemies. 
Because of its relatively high reproduc- 
tive efficiency, added to its adaptability, 
the woodpecker family has been highly 
successful in the struggle for existence, 
has evolved a great number of species, 
spread to most of the wooded regions of 
the earth, and even become established in 
certain areas practically devoid of native 
trees, such as the pampas of Argentina, 
where a species of flicker is at home. 

To other birds as well as to man, wood- 
peckers are among the most useful citi- 
zens of the bird-world. They serve man 
by devouring wood-boring insects that 
destroy trees. The holes they carve into 
dead wood for dormitories and nest- 
cavities later become the sleeping and 
nesting places of a variety of other birds. 
Numerous kinds of wrens, flycatch- 
ers, cotingas, ovenbirds (Furnariidae), 
toucans, etc., raise their families in holes 
originally carved by woodpeckers, or 
else use ^em as dormitories. Birds such 
as the tityras of tropical America would 
have a hard time, indeed, finding sites 
for their nests, were it not for the activ- 
ities of the woodpeckers. They and many 
other kinds of birds owe the woodpeckers 
a great debt of gratitude. Even the lit- 
tle hummingbirds, which sometimes sip 
the sweet sap or gather the insects that 
collect in the pits made in the bark of 
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trees by sapsuckers, benefit by the work 
of this industrious family. 

Because they are so clever and indus- 
trious, and appear so happy, I have found 
particular pleasure in studying the 
habits of woodpeckers. What nature- 
lover has not been amused by the wood- 
pecker who hides behind a trunk, peeking 
around the side from time to time to see 
whether he is still being watched t Who 
can fail to sympathize with the wood- 
pecker peering through the round door- 
way of his snug bedchamber on a wet, 
chilly morning, gazing out upon the 
forbidding, rain-drenched earth, reluc- 
tant to forsake his dry retreat, yet very 
hungry for the breakfast he can find only 
out-of-doors — the very picture of inde- 
cision 1 Or what bird-watcher of feeling 
can fail to enter into the spirit of play 
of the idle, well-fed, ant-eating wood- 
peckers — as I have watched them in 
Guatemala — shifting little bits of acorn 
from one cranny to another, an occupa- 
tion aimless yet doubtless amusing, and 
certainly very childlike. And who does 
not understand the delight of the flicker 
who chances to discover some particularly 
resonant surface on which to beat his 
tattoo t 

The Central American woodpeckers 
range in size from the great, scarlet- 
crested ivory-bill, big as a crow, to the 
tiny, olive-brown piculet, one of the very 
smallest of birds, but every inch a wood- 
pecker. In dress they vary from the 
harlequin attire of the ant-eating wood- 
pecker — white, glossy black and red — 
to the almost uniform tawny-olive of the 
oleaginous woodpecker. In their family 
life, there is also great variation. Ac- 
cording to their degree of sociability, 
those which I have had an opportunity to 
study in detail may be classified as fol- 
lows; 

I. A single pair attend the nest. 

A, Individuals past the nestling stage 
always sleep singly; the male attends 
the nest by night; the fledglings are not 


led back to sleep in the nest after their 
departure. In this division belong ; 

Wagler’s woodpecker (Centurus subelegans), 

Hoffmann’s woodpecker {Centutvs hoff- 
manni). 

Golden-fronted woodpecker (Centurua auri- 
frcns ) . 

Costa Rican woodpecker (Chloronerpea ruhi- 
ginosua), 

Pileated woodpecker (Ceophlceus lineatus). 

Probably also these others of which 
my studies are still incomplete : 

Guatemalan ivory-billed woodpecker (8oa- 
paneus guatemalenais) , 

Oleaginous woodpecker (Veniliornis ole- 
aginua). 

Guatemalan flicker (Colaptes mexicanoidee) . 

B. The mated pair sleep together 
throughout the year, and both pass the 
night in the nest while it contains eggs 
and young ; the fledglings return to sleep 
in the nest with their parents, and may 
continue to do so until the approach of 
the subsequent breeding season. In this 
division belong ; 

Golden-napcd woodpecker (Tripsurua chry- 
sauchen). 

Northern piculet (Picumnua olivaceua). 

Although I did not succeed in follow- 
ing all stages of their life-history, from 
what I have seen of their habits, these 
woodpeckers agree with their congeners 
listed above : 

Little Black woodpecker {Tripsurua cruenta- 
tua — eastern Ecuador and Peru). 

Pucheran’a woodpecker {Tripsurua pucker- 
ani). 

Piculet {Picumnua ap, — eastern Ecuador). 

II. More than two grown birds at- 
tend the nest. 

In this division I know a single ex- 
ample : Ant-eating woodpecker {Balaiuh 
sphyra formicivora) . 

As an example of the woodpeckers 
most solitary in their habits — ^in Central 
America, at least, the largest group by far 
— we shall take Wagler’s woodpecker. A 
pair of these woodpeckers with red 
crowns and black-and-white-barred up- 
per plumage dwelt in a new clearing at 
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the edge of the forest on the steep 
mountainside above the Rio Buena Vista 
in southern Costa Rica. Here they were 
within a ten minutes’ walk from my 
thatched cabin; and I followed their 
activities for nearly a year and a half, 
including two breeding seasons. Often I 
spent the last hour of the day in the old 
cornfield to watch them retire to rest, or 
arrived at the end of the night to see 
them begin their day. Like the majority 
of Central American woodpeckers, they 
remained mated through the year, per- 
mitting no others of their kind to estab- 
lish themselves in their chosen territory. 
But they rarely paid any attention to the 
golden-naped and pileated woodpeck- 
ers which slept in the same clearing. 

A number of fire-killed trees standing 
about the clearing furnished these Wag- 
ler’s woodpeckers a choice of sites for 
their holes. They preferred to carve 
into such soft wood as the burio (Helio- 
carpus) and the guarumo (Cecropia). 
The male — ^usually the more domestic- 
minded of the pair among woodpeckers 
— was far more industrious than his mate 
in excavating cavities; hence he usually 
enjoyed the newer and sounder dormi- 
tory, while his less energetic mate was 
content to pass the night in such aban- 
doned holes as she could find. They al- 
ways slept apart, although sometimes 
their separate dormitories were in the 
same tree. Since the male’s dormitory 
was the newer, it was natural that when 
the birds began to breed in February it 
should be chosen for the nest, in prefer- 
ence to the female’s. Now the female, 
upon leaving her own dormitory in the 
morning, would come to visit her mate’s, 
but would never enter until after his 
departure. After the eggs were laid, 
both sexes took turns at incubation dur- 
ing the day, sometimes sitting for an 
hour and a half at a stretch, dividing the 
daylight hours fairly evenly between 
them, and keeping the eggs almost con- 
stantly covered. But by night the male 


alone was in charge of the eggs, a natural 
outcome of their being laid in his own 
sleeping quarters. 

The males of all the species listed in 
this groui>— with the possible exception 
of the oleaginous woodpecker, for which 
I have no observations on this point — 
take sole charge of the nest during the 
night. This is true also of the red- 
bellied woodpecker and the northern 
flicker of the United States. While in 
most species of birds the female incubates 
by night, there are a number of kinds of 
which the male is in charge. The male 
ani (cuckoo family) takes care of the 
nest during the night and by day sits 
turn and turn about with his mate. The 
male and female ringed kingfishers re- 
place each other on the eggs only once in 
twenty-four hours, with the result that 
the male incubates on alternate nights. 
Many sea birds, including petrels, shear- 
waters and penguins, relieve each other 
on the eggs at intervals of several days, 
so that the male performs about as much 
night incubation as his mate. Finally, 
there are birds such as kiwis, tinamous 
and phalaropes of which the male in- 
cubates day and night with no help from 
a female. 

When the eggs of the Wagler’s wood- 
peckers hatched, both parents brought 
food to the nest, and took turns at brood- 
ing the naked new-born nestlings. Two 
distinct methods of feeding the nestlings 
are found in the woodpecker family. 
The parents, of some species, including 
the pileated and Costa Rican woodpeck- 
ers, bring food in the throat or crop and 
regurgitate it into the mouths of the 
nestlings. Other kinds, among them 
Wagler’s woodpecker, the ant-eating 
woodpecker, the golden-naped wood- 
pecker and the piculets, carry the food 
in their bills, where it is readily visible 
through field-glasses, and pass it directly 
to their offspring without regurgitation. 
For at least a month, the parent Wagler’s 
woodpeckers continued to feed their 
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nestlingB in their high hole in the dead 
guarumo tree. The father slept with 
them every night except the last. When 
the month-old youngsters at length de- 
parted their nursery, they had long been 
completely clothed with feathers, and 
could fly well. 

After the departure of the young 
woodpeckers, the father returned to sleep 
in the nest-hole, and the mother con- 
tinued to occupy her own dormitory in a 
neighboring tree. While the parents 
slept in their snug chambers, no provi- 
sion at all was made for the comfort of 
the fledglings, which were obliged to sleep 
clinging to exposed trunks or branches 
until they managed to find unoccupied 
cavities for themselves. A few days after 
quitting the nest, young Wagler’s wood- 
peckers begin to seek sleeping holes as 
night approaches; but since they exercise 
little foresight and receive no guidance 
from their parents, a week or more may 
pass before they are finally accommo- 
dated. When one of the fledglings at- 
temped to enter the hole with its father, 
it was repulsed with pecks; and once 
when the youngster stole a march on its 
father and entered the dormitory first, it 
was rudely evicted as soon as the parent 
arrived. At an early age, the solitary dis- 
position of these woodpeckers began to 
manifest itself in the mother’s antago- 
nism to the youngsters, and of these to- 
ward each other. Yet the parents con- 
tinued to feed the young woodpeckers 
until they became self-supporting, when 
they were driven from the parental 
domain to shift for themselves. 

Among the golden-naped woodpeckers, 
a far more friendly attitude prevails be- 
tween all the members of the family. 
These beautiful little birds, neighbors of 
the Wagler’s woodpeckers in the great 
forests of southern Costa Rica, will serve 
as an example of the more sociable wood- 
peckers of our second group (IB). For 
four years I have found pleasure in 
watching these amiable birds, and have 


followed the course of events at a number 
of nests. The mated pair sleep in the 
same lofty hole throughout the year, ex- 
cept possibly at moving time, when they 
change from the old hole to the new. 
Months before the advent of the nesting 
season, which begins in March or April, 
the male may work desultorily at carving 
out a new hole, not far from the old in 
which he sleeps with his mate and — ^if 
he has already raised a family — ^their 
full-grown children of the year. Usually 
he chisels at the new cavity for a short 
while before retiring in the evening ; and 
at first the undertaking advances very 
slowly. But as the date of egg-laying 
approaches, he works more constantly, 
and in the morning; and now his mate 
takes a share in the task. If the hole is 
lost shortly before or during the breed- 
ing season, by the falling of the dead 
tree; or if a pair of mild-mannered 
but persistent tityras take it from 
these equally mild-mannered woodpeck- 
ers, both sexes labor diligently, turn 
and turn about, to carve out a new 
one. I might add here that when a new 
cavity is needed promptly during the 
nesting season, male and female of all 
species of woodpeckers — so far as my 
observations go — fall to with a will to 
prepare it. But the male is as a rule the 
more domestic-minded of the pair, and 
devotes himself to home-making at sea- 
sons when his mate sees no necessity to 
trouble herself about such matters. 

As the golden-napes’ new hole nears 
completion, one of the pair may sleep in 
it, while the other continues to use the old 
dormitory until the new one is big enough 
to hold both birds with comfort. This 
moving-period of a lew nights’ dura- 
tion is the only time in the whole year 
when mated golden-napes sleep apart — 
barring temporary arrangements made 
necessary by the accidental loss of dormi- 
tories. This is the time also when any 
young birds who have remained with the 
parents since their last year’s nesting 
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go oflP to shift for themselves — ^it is an 
unsettled period when each evening the 
woodpeckers behave in a different fash- 
ion. But as soon as the new hole is com- 
pleted, male and female sleep together in 
it, and continue to do so during the whole 
period of incubation and of raising the 
nestlings, and for many months there- 
after if nothing goes amiss. During the 
day, they incubate turn and turn about, 
in the manner of all the other woodpeck- 
ers I have watched. It is of interest that 
the member of the pair arriving to take 
its turn on the eggs often enters the nest 
before the departure of its mate ; and the 
two may remain in the hole together for 
a few minutes before the one relieved of 
duty goes off to hunt food. The same is 
true of the piculets, whose life-history 
closely parallels that of the golden-napes. 
But in the less sociable woodpeckers of 
the group exemplified by Wagler's wood- 
pecker, it is indeed rare to witness one 
bird enter the nest before the mate has 
departed ; and on the few occasions when 
I have chanced to see this unusual pro- 
cedure, the impatient new arrival has 
popped out of the doorway so promptly 
that I fancy it must have received a peck 
from the irate partner within. 

Fledgling golden-napes quit the nest 
at the age of about 34 days, when they 
fly very well. In the evening, the newly 
emerged youngsters are shown back to 
the nest by one of the parents, or at 
times appear to seek it quite spontane- 
ously. Rarely the fledglings are brought 
back to the hole by a special call of the 
parents. They may be fed in the nest 
after their return to it, just as though 
they were nestlings which had never been 
flying about in the open air — ^but this 
does not occur with all families. The 
capacious cavity is always kept clean by 
the parents, which carefully remove all 
waste matter in their bills. The young 
birds, and sometimes the adults, too, may 
take shelter in it during the heavy after- 
noon showers of May and June. For 


many months it remains the nightly 
sleeping place of the entire family, which 
dwell together in harmony until the ap* 
proach of the following breeding season 
sends the young birds off to set up house- 
keeping for themselves. 

In the eastern foothills of the Andes 
in Ecuador and Peru and on the western 
side of the great Amazonian plain, the 
most conspicuous woodpecker is a small, 
vociferous species clad largely in black, 
with a rich crimson patch in the center 
of the belly. I was not fortunate enough 
to find this little black woodpecker nest- 
ing at the time of my visits to this region ; 
but at widely scattered points in Peru 
and Ecuador I saw from two to five 
grown birds retire at nightfall into the 
same hole. I believe that their nesting 
habits, when studied, will be found to 
agree closely with those of their near 
relations, the golden-napes. Recently I 
watched a pair of Pucheran’s woodpeck- 
ers, a third species of the same genus. 
When I first found them, male and 
female slept together in the same hole, 
in which evidently they were preparing 
to nest. But they abandoned it when a 
tityra began to fill it with leaves, and 
started a new hole in the lower part of 
the same barkless trunk. When finally 
they began to incubate, the male took 
care of the eggs during the night, while 
his mate slept in another hole a yard 
away. I believe they slept apart be- 
cause the nest-cavity was too small to 
accommodate both with comfort, as a 
result of the diflBculty the birds experi- 
enced in excavating the hard wood. 
This observation suggested the answer 
to a question which had long been in my 
mind with reference to the golden-naped 
woodpeckers : Which member of the pair 
actually warms the eggs during the 
night! It is impossible to peep into 
their high holes while darkness covers 
the earth ; but from the behavior of their 
close relations, the Pueheran’s wood- 
peckers, I think it highly probable that 
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the male» as with most other woodpeck- 
ers, actually covers the eggs, while his 
mate sleeps clinging to the wall beside 
him. 

Most sociable of all the woodpeckers 
of whose habits I know anything from 
personal observation or reading are the 
jolly ant-eating woodpeckers, so oddly 
attired in their harlequin costume. 
Acorn-eating woodpeckers would be a 
far more appropriate name for them. 
Doubtless, like many members of the 
family, they eat a certain number of 
ants, but acorns are their specialty. 
Their distribution is closely linked with 
that of oak trees. In Central America 
they are birds of the highlands; and 
both the upper and lower altitudinal 
limits of their range correspond with 
those of the genus Quercus, They store 
many acorns against the season of scar- 
city, in the northern part of their vast 
range in little cavities specially carved 
to receive each a single acorn fitting 
snugly; but in Central America they 
appear never to carve these special holes, 
being content to tuck away whole or 
fragmented acorns in such chinks and 
crannies as they can find already at hand 
in the trees. 

Ant-eating woodpeckers are usually 
found in happy, loquacious flocks, con- 
taining at times half a dozen birds. 
Since they are as a rule scattered among 
the trees, it is diflQcult to determine the 
exact number in the flock. At night, 
the members of the flock sleep together 
in a cavity they have made, or at times 
divide up between neighboring dormi- 
tories, a few in this and a few in that. 
Five is the greatest number I have found 
sleeping in a single hole. 

During the breeding season, a whole 
flock attends a single nest. At one lofty 
nest I watched in southern Costa Rica, 
four males and one female were all tak- 
ing turns at incubating the eggs. With 
so many incubating, they shifted about 
very frequently. Seventeen minutes was 


the longest uninterrupted session I re* 
corded in nearly twelve hours of neck- 
straining watching. This is of course 
an unusually short period for a wood- 
pecker, for with other species sessions of 
under twenty minutes are rare; and 
many sit continuously for an hour or 
more, even by day. At night, the nest 
with five attendants was occupied by a 
single woodpecker — whether the female 
or one of the four males I could not de- 
termine, because of the height and the 
dim light that prevailed when it retired 
in the late evening and emerged in the 
early morning. The other four atten- 
dants of the nest went off together in the 
waning light, doubtless all to sleep in 
the same hole. 

Was this a case of polyandry — ^very 
rare among birds — or did the nest be- 
long to a single pair assisted by three 
unmated males f In Guatemala, some 
years earlier, I had studied nests of the 
black-eared bush-tits (Psaltriparus me- 
lanotis) at which the mated pair were 
helped in the care of the nestlings by 
males which had been unable to find 
mates, because of the great numerical 
predominance of their own sex. At an- 
other ant-eating woodpeckers^ nest that 
I found about the same time, at least two 
males and two females were bringing 
food to well -grown nestlings. Possibly 
there were more attendants that I failed 
to distinguish. This combination sug- 
gested communal nesting by several 
pairs, such as is found among anis 
(Crotophaga ) ; but here again it was not 
impossible that a single mated pair was 
assisted in the care of the nest by un- 
mated birds of both sexes. A count of 
eggs in a number of nests would help 
elucidate the exact nature of the asso- 
ciation existing between the several in- 
dividuals that attend each nest. But 
unfortunately all the nests of the ant- 
eating woodpecker that I have seen were 
very high in dead trees unsafe to climb. 
Nor does the information presented in 
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Dr. Bitter’s book on the Californian race 
of the ant-eating woodpecker bring ns 
much nearer to a solution of the problem. 

But assuming that we are dealing 
with a case of unmated, sexually imma- 
ture birds assisting at a subsequent nest- 
ing of their parents, it is easy to see how 
such a situation could arise from that 
which prevails among golden-naped 
woodpeckers and piculets. If the young 
of these species would delay their breed- 
ing until their third year — as happens 
in many species of birds — and remain 
with their parents just a few months 
longer than they actually do, they would 
probably help them attend their younger 
brothers and sisters, in the manner of 


birds so diverse as moorhens, wrens, jays 
and bluebirds. In eastern Ecuador, I 
found a nest of a still unidentified spe- 
cies of piculet, in which one male and 
two females slept every night. Since 
the full set consisted of only two eggs, 
it is improbable that more than one of 
the females had laid. I believe that the 
second female occupant of the nest was 
a daughter of the first, raised at her 
previous nesting. I had high hope of 
seeing both females as well as the male 
bring food to the nestlings when they 
hatched ; but unhappily some mishap be- 
fell this nest during a long-continued 
rainstorm, and I never succeeded in find- 
ing another of the same kind. 


PRECIPITATION VARIATION IN THE UNITED 

STATES 

By Dr. STEPHEN S. VISHER 
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There are within the United States 
large variations in precipitation from 
year to year. The accompanying maps 
are for especially wet and dry years, 
summer and winters.^ 

Map 1 shows the precipitation totals 
for a wet year, the average of the wet- 
test 10 out of 40 years — hence only one 
eighth of the years are wetter. In such 
a rainy year, only about a fourth of the 
West receives less than 15 inches of pre- 
cipitation, while more than half of the 
1 Maps 1-4 are shaded redrawings of maps 
in the 1941 Yearbook of the United States De- 
partment of Agriculture, ''Climate and Man.’^ 
The maps redrawn were by J. B. Eoncer, of the 
U. 8. Weather Bureau, and are based on the 
records for 40 years (1899-1938) from about 
5,000 stations. Maps 5 and 6 are original com- 
pilations from the maps of wet and dry years 
of 1900-1939 of C. W. Thornthwaite *8 ' ' Atlas of 
Climatic Types 1900-1939, '' issued by the U. 8. 
Soil Conservation 8ervice early in 1942. Maps 
7 and 8 are shaded redravrings of two Atlas 
maps. The Atlas is based on the records gath- 
ered by the Weather Bureau at about 3,000 scat- 
tered stations. 


East receives more than 50 inches. 
Three sizable eastern areas receive 70 
inches or more, two of which include 
small areas receiving 80 inches. The 
rainiest part of the southern Appala- 
chian Mountains receives 100 inches; 
one western Washington area receives 
120 inches. 

During the driest one eighth of the 
years (Map 2), considerably more than 
half of the country receives less than 
15 inches of precipitation and about an 
eighth receives less than 5 inches. In 
such a year, no part of the East receives 
as much as 50 inches, except a small area 
in the southern Appalachians; in the 
West only a few stations receive more 
than 40 inches. This map shows that 
in such a dry year Washington, D. C., 
for example, receives about 33 inches, in 
contrast with about 50 inches in a wet 
year. It receives in a dry year no more 
precipitation than central Kansas re- 
ceives in a rainy year. 
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A comparison of Maps 1 ami 2 shows As the precipitation during the sum- 
that in the wetter parts of the country mer months is especially important for 
about 50 per cent, more rain is received agriculture, Maps 3 and 4, showing dry 
in a relatively wet year than in a rela- and wet summers, are of special interest, 
tively dry one. In the central part of The precipitation shown is the average 
the country, the range between such of the 10 wettest or driest summers of 
years is about 100 per cent. ; in the more the 40 years studied, hence only one 
arid section, a relatively wet year re- eighth of the summers receive less than 
ceives about three times as much as a or more than the totals here shown, 
relatively dry one. The range between In a relatively wet summer (Map 3) 
the wettest and the driest individual a southeastern coastal zone receives more 
years of record is much greater than than 24 inches of rain, and three areas 
threefold in arid regions ; sometimes in therein receive 30 inches. A sizable cen- 
an exceptionally dry year almost no rain tral area receives from 18 to 24 inches, 
falls, but in an exceptionally wet year western Kansas receives about 14 inches 
10 or 15 inches. and eastern Montana 10 inches. 
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Map 4, of the average rainfall of a 
rather dry summer, shows a sharp con- 
trast to the previous map. During such 
a dry summer, western Kansas receives 
less than 4 inches in the 3 months and 
much of the South receives little, if any, 
more than 8 inches, or only about one 
third that received in the wettest one 
eighth of the years. Map 4 shows that a 
large western area receives during such 
a dry summer less than an inch of rain, 
most of California none at all. (In the 
wettest one eighth of the summers, all of 
California receives at least half an inch.) 

It would be interesting to have maxi- 
mum and minimum precipitation maps 


corresponding with those in the first 
article of this series, which showed the 
highest and lowest temperatures re- 
corded in 40 years. Since such maps 
are not available. Maps 5 and 6 have 
been prepared by combining parts of 
many maps of Thornth waiters Atlas. 
Map 5 shows the total or maximum area 
which was arid, semiarid or dry sub- 
humid at least once in the years 1900- 
1939. Thus, conversely, it shows the 
smallest extent of humid, superhumid 
and moist subhumid areas in any year. 
Map 6 shows the maximum area which 
was superhumid, humid or moist sub- 
humid at least once, and, conversely, the 
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minimum areas which were relatively 
dry (were always dry). Arid, semiarid, 
subhumid, humid and superhumid, as 
here used, are techuical terms involving 
temperature as well as precipitation. 
Their limits are determined by the “pre- 
cipitation-eflfectiveness-index,” which is 
laboriously calculated. Roughly, arid 
extends to about 12 inches of annual 
precipitation in the warmer part of the 
country, but to about 7 inches in the 
cooler part. Superhumid includes an- 
nual precipitation totals greater than 
about 65 inches in the warmer regions, 
and greater than about 50 inches in the 
cooler regions. 


Map 5 shows that in the driest year of 
1900-1939 (often different years for dif- 
ferent places) nearly a half of the coun- 
try was classed as arid. The arid region 
extended east to the tall grass or prairie 
section of the Dakotas and Texas, but 
did not include all the short-grass part 
of Wyoming and Colorado, which was 
semiarid in the driest year of the forty. 
The semiarid zone extended once as far 
east as the western edge of Wisconsin 
and Louisiana. Much of Michigan, Iowa 
and Florida were dry subhumid in the 
driest year of the forty. Most of the rest 
of the East was moist subhumid, instead 
of humid, while the truly humid sections 
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included only most of the Northeast, a 
part of the South and the North Pacific 
Coast. 

Map 6, of the wettest year of 1900- 
1939 (different years in different places), 
shows that in an occasional year little of 
the West is arid, according to the defi- 
nition here used; while more than half 
of the East and a large northwestern 
area are superhumid and the rest of the 
East is humid. In such a wet year, 
about half of the West is subhumid, 
rather than semiarid or arid, as it nor- 
mally is. 

The maps of each of the forty years 
1900-1939 and of each of the crop sea- 
sons reveal that the variations from year 
to year often are large. For example, 
about twice as large an area was humid in 
1904 as in 1934 and more than ten times as 
large an area was arid in the latter year 
as in the former. For the crop-grow- 
ing season of 1936, the main agricultural 
region (cast of the Great Plains) con- 
tained arid areas totalling about 100,000 
square miles, and semiarid areas total- 
ling fully 400,000 square miles, whereas 
normally none of the Bast is either arid 
or semiarid. In the 1936 crop-season, 
dry subhumid or semiarid types occu- 
pied about half of the eastern half of 


the country, but in 1938 occupied almost 
none of it. 

The frequency of the occurrence of 
the various climatic types during the 
crop-growing season (here defined as 
March through August) is shown in 
Maps 7 and 8. Map 7 shows that semi- 
arid or arid crop seasons occur in less 
than one per cent, of the years, if ever, 
in most of the East, but occur in ap- 
proximately one fourth of the years 
about midway between the Atlantic and 
Pacific. In much of the West, more 
than three fourths of the crop-seasons 
are semiarid or arid. (The Atlas maps 
of the crop-seasons omit the Pacific 
States, but most of this area is also arid 
or semiarid during the summer months, 
as is seen by Maps 2 and 4 of the pre- 
ceding article of this series, that on 
average precipitation in the United 
States.) 

Dry subhumid crop-seasons are much 
more frequent in the East than are semi- 
arid ones. Map 8 shows that only about 
an eighth of the East rarely has such a 
season. In the middle of the country 
from east to west, dry subhumid or semi- 
arid crop-seasons occur in about half of 
the years. Almost all the crop-seasons 
in a large western area (including most 
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of the Pacific States) are dry siibhumid, 
semiarid or arid. 

These 8 maps show rather clearly that 
the variation in precipitation from time 
to time is great. The reasons for the ir- 
regularity are not yet adequately known. 
Important influences are variations in 
the frequency, intensity, rate of move- 
ment and size of cyclonic disturbances. 
These Lows and Highs vary partly as a 
result of changes in pressure and tem- 
perature in distant places. Tropical cy- 
clones migrating into midlatitudes some- 
times have profound influences* Solar 

2 8. 8. Vishcr, ‘‘Effects of Tropical Cyclones 
upon the Weather of Midlatitudes,*' Gcog. Bev,, 


changes ajffect the atmosphere in compli- 
cated ways.* Although it is not yet feas- 
ible to explain the causes for the regional 
variations shown in these maps, an essen- 
tial first step towards the solution of 
such problems is to have the facts to be 
explained clearly set forth. These maps 
are a step in that direction. They also 
afford some basis for ‘‘reasonable expec- 
tation,^’ and hence permit a wiser plan- 

ning. 

XV: 106-114, 1925; “Frequencies of Tropical 
Cyclones," especially those of minor intensity; 
Monthly Weather Bev,, 58: 62-69, 1930; “Cli- 
matic Changes, Their Nature and Their Causes," 
Yale University Press, 1922 (with E. Uunting- 
ton). 
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The wise physician, as well as anyone 
who would understand his fellows, will 
bear one fact in mind. It is that as the 
years pass the body undergoes an almost 
complete metamorphosis. Though made 
in the same pattern, it becomes con- 
structed differently, functions differ- 
ently and is directed by a mind which 
changes more than is usually recognized. 
His success will depend upon his knowl- 
edge of this change and his ability to be 
guided thereby. Only to sketch some of 
the underlying factors in rough outline 
is attempted here. 

As in the period of usefulness of a 
motor car many parts have to be re- 
placed, so also in the body there is much 
replacement. In both this is to compen- 
sate for wear and tear and it is naturally 
greater for some parts than for others. 
But in the motor a complete new part is 
fitted into the place of the old one, 
whereas in the body the replacement is 
better managed. New vital units or cells 
continually take the place of those worn 
out so that the efficiency of the part is 
not allowed to run down before replace- 
ment is effected. 

The outer skin now covering our 
bodies is not the same sheet of cells that 
was interposed between us and our ex- 
ternal environment several months ago 
though it is built in the same style. The 
cells lost from the surface have been 
replaced by others produced by cell divi- 
sion in a deeper layer or layers. Much 
the same holds for the inner walls of the 
respiratory, alimentary and urinogenital 
tracts and for many other tissues. 

It is important to displace conjecture 
by facts in regard to these turn overs. 


We would like to know, for instance, the 
percentage of total body cells which are 
new in a man of thirty, that is to say 
which he did not possess at twenty-nine 
and the change in this gross turn over 
with each succeeding year. Some kinds 
of cells are evidently replaced thousands 
of times in the human life span, others 
hundreds of times and still others not at 
all. Until all the replacement cells can 
be classified in sequence from the highest 
to the lowest rate of turn over, ignorance 
will persist relative to a fundamental 
biological phenomenon. Some of these 
replacements lag and fail with advanc- 
ing years, while others continue unto 
death with little or no depreciation. 

But many cells are not replaceable. 
In this category we first think of nerve 
cells because no new nerve cells are 
formed after about one year of age. A 
conservative calculation indicates that 
their lives are approximately 2,190 times 
as long as those of the leukocytes that 
combat bacterial invaders, and in some 
cases very much more. Heart muscle 
cells, having lost their power of multipli- 
cation early, are also very long lived and 
are usually listed as non-replaceable. 
Voluntary muscle cells, certain cells of 
the retina and several others come in this 
group. But the percentage of total body 
cells that are not replaceable is not 
known. 

A motor car is so constructed that all 
of its parts will stand greater strains 
than those expected. In other words a 
factor of safety, differing for each part, 
is observed. In the body Nature pro- 
vides surpluses of cells both replaceable 
and non-replaceable. Data are almost 
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entirely lacking as to the size of these 
surpluses and their fate as old age creeps 
on. There is evidence of progressive de- 
crease in the number of certain types of 
nerve and muscle cells. Decreases in 
taste buds and olfactory fibers have been 
reported. It is possible that the progres- 
sive depletion of such reserves may be 
an important and generally operative 
factor in aging. Evidence is not so 
wide-spread of depreciation in the qual- 
ity of cells; but the long lived ones, 
which are not replaceable, frequently 
accumulate pigments, lipoids and various 
other relatively inactive materials which 
suggests a diminution in functional 
vigor. 

Aging is not restricted to the living 
components of the body. Inanimate 
parts, which by contrast do not consume 
oxygen, or in simpler terms which do 
not breathe, also change with time. 
They include dental enamel, various 
fibrous structures and fluids — in fact all 
of the noncellular constituents plus the 
dead cells, i.e,, red cells in the circulating 
blood. Again quantitative data are con- 
spicuous by their absence. It is not 
known, for instance, to begin with, what 
fraction of the body is dead. It must, 
however, be a large part, possibly as 
much as half. Does the fraction increase 
with age is another question that we can 
not answer. While we are in life we are 
in death is a true saying, for every part 
of the body in contact with the external 
environment is coated with dead cells 
and the whole can survive only through 
maintenance in adequate amount in the 
proper condition of the dead materials 
within it. Here there is also a surplus. 

Dental enamel, once formed on per- 
manent teeth, is never replaced. It is 
the hardest substance produced by the 
cells of the body. When dry it will 
strike sparks with steel like a flint. 
Kept in condition by the fluids of the 
mouth it is well suited to continued use 
through the years. As enamel deterior- 


ates, or is lost, the whole organism suffers 
a severe handicap. Aging may then be 
hastened by inadequate chewing and the 
resultant faulty nutrition. 

White connective tissue fibers, which 
possess great tensile strength and bold 
the tissues together, change with time. 
Though new white fibers can be formed 
as long as life lasts, replacement is in- 
adequate because the old fibers are not 
removed in an orderly way, like dead 
cells, but tend to remain and clog the 
vital machinery. This progressive fibro- 
sis in old age has often been mentioned. 
But the total increase in volume of the 
fibers has never been measured. In 
common with most of the other factors 
mentioned there are organ and tissue 
differentials. In some the increase is 
considerable, in others barely noticeable. 
Why this is the case is not clear. 

Results of aging of the yellow, elastic 
connective tissue fibers are more tragic. 
These constitute the vital rubber of the 
body. Upon them depends the elasticity 
of the blood vessels, the urinary bladder, 
tlie skin and many tubular and other 
structures. They age by a colloidal 
change like automobile tires. New elas- 
tic fibers can be and are developed in a 
kind of furtive way even in very ad- 
vanced years, but again the mechanism 
of replacement is altogether inappro- 
priate. The old ones, having partly or 
wholly lost their elasticity and to some 
extent their architectural arrangement, 
clutter up the tissues and the new ones 
do not properly take their place. Again 
the change takes place in different vol- 
umes and at different rates in different 
localities. 

Another factor in the aging of non- 
living components is a shift in distribu- 
tion of mineral salts, particularly of cal- 
cium. These tend to leave the bones and 
to accumulate in other tissues including 
the walls of blood vessels as x-ray photo- 
graphs of aged persons so often show. 
Consequently the bones which should be 
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strong and rigid are weakened, and the 
vessel walls which should be elastic and 
yielding are stiffened. 

These sweeping changes in living 
and nonliving bodily constituents are 
obviously linked with alterations in 
functional performance. Limiting our 
sketch, as before, to the broad outlines 
and excluding highly specialized and 
localized activities, mention must first 
be made of decrease in adaptability for 
this is manifested sooner or later in all 
parts of the body that have been ade- 
quately studied. The nervous system 
adjusts itself less well to change, the 
cardiovascular system responds less 
effectively to unusual demands, old 
people suffer more from sudden altera- 
tions in temperature and so on almost 
without end. Decreases in perception 
and responsiveness occur all along the 
line. 

That regulation also begins to break 
down is best observed in the most visible 
part of the body, the skin. Here are 
noticed small areas of increased pigment 
and sometimes of loss of pigment, of 
increase in cells and perhaps of decrease 
in cells, of the production of a few large 
hairs (in nostrils and eyebrows) and 
of the loss of many hairs. Such changes, 
innocent in themselves, are nevertheless 
signs of the times. They betray an in- 
creasing imbalance, a curious indecision, 
a less regulated behavior, which is prob- 
ably not lacking in the deep-lying, hid- 
den tissues. How much this teetering 
has to do with the cancerous transforma- 
tion by which cells shake off community 
control, and live for themselves alone, we 
do not know. That it is not a factor in 
the production of all cancers is clear, 
because some types characteristically ap- 
pear in youth and after a certain age is 
passed the incidence of certain cancers is 
not increased. 

But aging is not simply a case of the 
wearing out of the body in the continual 
adjustment to alterations in the external 


and internal environments which shapes 
individual life. Hereditary factors are 
important. According to the embryolo- 
gist, Streeter, “Whether the infant sur- 
vives its first year depends in consider- 
able part on the original quality of the 
egg. If they withstand the usual wear 
and tear of life until between fifty and 
sixty years they conform to the actuary's 
expectation of life, at birth — ^and to the 
embryologist's expectation of the per- 
formance of an egg of average quality. 
It is only the extraordinarily good egg 
that is still going strong at 80 years, and 
we see him (or her) do this in the absence 
of any exquisite hygienic regime or ex- 
perimental favor." He goes on to ex- 
plain that “The egg as a whole, of 
course, consists of a multitude of ele- 
ments and it is the sum and integration 
of these that determines its fate. ' ' Some 
of its parts may lead to hardy, long lived 
tissues and others to tissues handicapped 
at the start. Thus, mortality tables be- 
come intelligible “if one accepts the 
point of view that there is an egg-deter- 
mined life span and an egg-determined 
vitality of individual organs." Streeter 
obviously had reference to the egg after 
entrance of the sperm. The male contri- 
bution to heredity is not to be ignored. 

Perhaps the principal factor produc- 
tive of premature aging and death of 
individuals, hereditarily equipped for 
longer usefulness, is continuance of un- 
abated nervous drive. Not appreciating 
the fact of this bodily metamorphosis, 
they can not slow down, but work them- 
selves to the point where something gives 
way, in mout cases the cardiovascular 
renal complex. The fact that approxi- 
mately sixty per cent, of white males 
now sixty years of age will die from 
cardiovascular renal diseases constitutes 
a warning. 

This picture of aging is drab and de- 
pressing. Though death is inevitable 
and people are not given an even start 
by their fathers and mothers, it is not 
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all gloom. Some factors in aging, if not 
greatly overshadowed by disease, are 
assets. The poet, Emerson, has truly 
written, ‘‘At fifty years, 'tis said, 
afflicted citizens lose their sick-headaches 
. . . 'tis certain that graver headaches 
and heartaches are lulled once for all, as 
we come up with certain goals of time. 
The passions have answered their pur- 
pose: that slight but dread overweight, 
with which, in each instance, Nature 
secures the execution of her aim, drops 
off. To keep man on the planet, she im- 
presses the terror of death. To perfect 
the commissariat, she implants in each a 
certain rapacity to get the supply, and 
a little oversupply, of what he wants. 
To secure the existence of the race, she 
reinforces the sexual instinct, at the risk 
of disorder, grief and pain. To secure 
strength, she imf)arts cruel hunger and 
thirst, which so easily overdo their office, 
and invite disease. But these temporary 
stays and shifts for the protection of the 
young animal are shed as fast as they 
can be replaced by the nobler re- 
sources.^^ (Quoted from W. K. Miles). 

This logical statement in terms of 
function does credit to Emerson as one 
far from ignorant of the principles of 
physiology. Trying to carry his idea a 
little farther we may ask what are some 
of these nobler resources, or assets, which 
the aged acquire? 

As the years fly by there is a marked 
tendency, which should be cultivated, to 
recall pleasant happenings and to forget 
the painful ones. The individual be- 
comes more mellow, easier to live with, 
especially for those not in the immediate 
family, and less exacting in his demands. 
In all healthy aging personal ambition 
gives way to a constructive interest in 
others, particularly the youngsters whose 
way they wish to make easier. This urge 
is indeed so strong that it is difficult to 
persuade the aged to inform us of their 
own problems, which we can only 
imagine imperfectly since we have not 


dealt with them personally. It would 
be a great contribution to human welfare 
if a few of those who have aged best 
would inform us how to profit by their 
example. Probably the mind of the aged 
will never be fully understood by youth. 
The metamorphosis has been too pro- 
found. Both young and old must help 
each other. 

Another very frequent asset of the 
aged is increase in tolerance of the mis- 
deeds of others. In their own lives they 
have found how easy it is to err. As a 
rule there is also an increase in breadth 
of view. Prom early absorption in their 
own career interest shifts to the expand- 
ing family to the whole nation and often 
to all mankind. But interest may nar- 
row. That is to be guarded against. The 
greater experience of the aged gives 
them more maturity of judgment and 
provides the basis for the wisdom that 
all great civilizations have recognized as 
their potential prerogative. 

As routine duties drop away they have 
more time at their disposal. The most 
universal attribute of the aged is that 
they yearn to be of use. Since the per- 
centage of people of 6.3 years and over 
doubled from 1860 to 1930 (2.7--5.4%) 
and will probably slightly more than 
double again from 1930 to 1970 (5.4- 
11.8%), to make this increasing number 
of use is essential if we are to mobilize 
national resources. Yet there has been 
no consistent effort to tap this source of 
power. The chief obstacle is that the 
aged are more individualistic. This is 
because they have enjoyed a greater op- 
portunity for diversification owing to a 
longer period of adjustment to changing 
conditions. They can not be so easily 
marshalled in groups, each group dis- 
charging a particular service. 

Some old people are not so distracted 
by pain as younger ones afflicted in the 
same ways. Critchley has remarked 
“how often severe thoracic or abdominal 
disease exists in the aged without pain ; 
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an extensive pneumonia or peritonitis 
can be entirely unsuspected ; gall stones 
and renal calculi may be passed without 
the ordinary colic . . . minor surgical 
operations and dental extractions can be 
carried out with little pain and discom- 
fort. The catastrophe of coronary 
thrombosis can take place with none 
of the agonizing symptoms found in 
younger individuals.” Lastly, death 
itself, in the majority of cases, comes 
easily, usually unrealized by them. 

As to the factors that retard aging 
and permit the realization of these and 
other potential assets, all who have given 
the matter a little thought will probably 
agree that the following are among those 
most commonly applicable. One of them, 
beyond our control, is to have been 
blessed with a good heredity, to have 
been constructed of materials that age 
slowly. Since aging bears a remark- 
ably close resemblance to wear and tear 
it goes almost without saying that ex- 
cesses of whatever nature are contrain- 
dicated; but, to maintain normal func- 
tion, use is essential. 

Purposeful adjustment of activities to 
the basic changes in structure, which 
have been but inadequately outlined, is 
necessary. It is the well adjusted people 
who age gracefully and usefully. Action 
on periodic advice by a skilled physician 
of ^e old guide, philosopher and friend 
type, if one can be found, is a potent 
factor in this connection. It is likely 


that he will in all eases rely partly on 
two measures. The first is to take full 
advantage from the conditioning infiu- 
ence of change. Monotony is deadly. 
Nobody wants to rust away. Change of 
almost any kind, whether of medication, 
of diet, of tempo and kind of activity, 
of environment, if not too radical, is 
helpful; because it promotes invigorat- 
ing physiological and mental adjust- 
ments through the calling into action of 
certain functions and the resulting relief 
of strain on others. But the chief factor 
in realization of the assets is to cultivate 
far in advance some socially useful activ- 
ity to which he or she is suited, however 
small, and to enjoy a feeling of con- 
tinued accomplishment to the end, 
strengthened — it is important to note — 
by recognition of its value by friends 
and relatives. 

Some conclusion such as this must 
have been in the mind of John Dewey 
when he remarked' “I am unable to see 
how the basic human problem can be 
solved without social changes which en- 
sure to every individual the continual 
chance to have intrinsically worthwhile 
experience, and secondly provide signifi- 
cant socially useful outlets for the matur- 
ity and wisdom gained in this experi- 
ence.” Indeed this declaration is a kind 
of social Magna Charta. 

1 “Problem* of Ageing," edited by B. V. 
Cowdry, Baltimore: William* and Wilkin*, 
1042 . 
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MEDICAL PSYCHOLOGY THROUGH 
THE AGES^ 

Nearly every one is interested in why 
people behave as they do. The mere fact 
that the newsstands are (tovered with 
pulp magazines on applied psychology^’ 
or “personality” indicates that this in- 
terest is not at all limited to the serious 
student of human behavior. Psychiatry 
has of late years become an important 
medical specialty, and its influence has 
been felt in many fields — anthro])ology, 
law, and social sciences in general. 

Doctors Zilboorg and Henry have here 
presented a comprehensive study of the 
evolution of the medical concepts of 
mental functioning, and in so doing have 
placed the student of behavior immea- 
surably in their debt. A perusal of this 
scholarly volume indicates some of the 
reasons why mental medi(*ine has always 
remained on a somewhat different foot- 
ing from the rest of medicine, and 
through what vicissitudes the mentally 
ill have passed in their struggle to be 
understood and treated intelligently. 
“In no other field of disease,” says Zil- 
boorg, “is there so much avoidance of 
medicine in the form of widespread 
quackery, that is, non-medical philoso- 
phizing on ‘reeducation,’ ‘psychological 
or psychoanalytic guidance,’ by various 
non-medical amateurs, lay or clerical.” 

The Greeks made the first attempt to 
consider mental diseases scientifically. 
Hippocrates was rash enough to deny 
that epilepsy was a “sacred disease,” 
and he described phobias, delirium and 
paranoia. The Dark Ages of Medicine, 
however, the principal author points out, 
began with the death of Galen in 200 
A.D. Superstition, magic and a belief in 
demons who affected mind and body de- 
veloped, and medical psychology was 

1 A History of Medical Vsychology. Gregory 
Zilboorg. Illustrated. 606 pp. $5.00. 1941. 

W. W. Norton and Company. 


taken over by the priests, a state of af- 
fairs that lasted for twelve centuries. 
The annals of the treatment of witches 
make our blood run (‘old even to-day, but 
for (*enturies there was no one to raise his 
voice to protest in the name of medicine 
and humanity. By the fifteenth and six- 
teenth centuries, however, men like 
Weyer, Vivos, Plater and Paracelsus 
exhibited independent thought and once 
again began a spirit of scientific inquiry. 

The tide of inquiry swept on in other 
fields as well — Galileo, Newton and Wren 
in their lives and Sydenham, the father 
of English medicine, in his. Mental 
medicine, however, still lagged, and it 
was not until the end of the eighteenth 
century that any real hospitals for the 
mentally ill were established, under the 
influence of Tuke and Pinel. 

The early nineteenth century wit- 
nesscMl a flood of inv(‘stigations and in- 
vestigators — Mesmer, Braid and Bern- 
heim, with their work on hypnotism; 
Chariot, Janet, Kraepelin, and a host of 
others, and in our own time Freud, 
Meyer, White and Brill. 

“This century presents only the be- 
ginning. . . . The 2,500 years of psy- 
chiatric history which are behind us have 
been but preliminary centuries which 
(dean^d the field of operations and pre- 
pared the ground for a true psychiatry.” 

Dr. Henry (contributes two chapters, 
one on “Organic Mental Diseases” and 
one on “Mental Hospitals.” 

The volume is not only a valuable his- 
torical document; the material is pre- 
sented in a literary style which is un- 
fortunately all too rare in medical works. 
It is a work which will be found interest- 
ing and stimulating and enjoyable by the 
readers of The Scientific Monthly. 

Winfred Overholser, M.D. 

Saint Elizabeths Hospital, 

Washington, D. C. 
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INDIANS OF SOUTH AMERICA^ 

The aim of the author of ‘‘Indians of 
South America” was to ^ive a jjfeneral 
survey of the main abori^^inal cultures of 
that area. This has been done in a most 
readable way, and at the same time many 
false notions have been exposed and 
much new material is presented. 

Much time has been .spent discussing 
cannibalism among the aborigines of 
South America and many scholars have 
argued that it did not exist, but Mr. 
Iladin feels it best to give the facds. He 
points out that cannibalism did exist, 
that it has been practiced in many parts 
of the world, and that there is an inti- 
mate connection between cannibalism 
and warfare and also with human sacri- 
fice. Many peoples who did not practice 
it were accused of it by white men who 
thus rationalized their maltreating or 
even their killing of the Indians. But 
“the Spaniard.s, Portugue.se, French, 
English and Dutch d(^monstrated within 
a few generations of the discovery of 
America that the Carib were bungling 
amateurs at the game of torment and de- 
struction and death” (p. 72). 

A discussion of the origin of the Amer- 
ican Indian has long been a favorite 
sport. It is well known that peoples mi- 
grate great distances, but it is hard to 
tell how much culture they brought 
along, how much they developed in situ. 
Many authors have postulated such huge 
folk wanderings among American In- 
dians that it would seem nece.ssary to 
suppose that there was in existence a 
pre-Conquest steamship company bring- 
ing Mayans to Peru and Ecuador, for 
instaneo. Mr. Radin does not fall into 
such pitfalls. That the ancestors of 
American Indians filtered into America 
from Asia gradually with little of the 
paraphernalia of civilization would seem 
to be self-evident. Hence they developed 

1 Indians of South America, Paul Badin. Il- 
lustrated. xvii 324 pp. $4.00. 1942. Double- 
day, Doran and Company. 


their civilizations and cultures in those 
pla(*es most propitious for human occu- 
pancy — namely, the high mountains, 
above the mo.squito line or the tropical 
deserts where irrigation was possible and 
suushiiie active in killing bacteria. 

Lay readers will probably most enjoy 
Part III — “The Great Civilizations.” 
Many were the tribes in which economic 
collectivism flourished, but it was left to 
the Incas to bring this type of economy 
to full flowering. Under them the land 
was wholly worked by the people; every 
one had to work, but no one was over- 
worked. The amount of goods and ser- 
vices received by the church, the indi- 
vidual, the Inca and the army were 
rigidly fixed, and th(»re was a rigorous 
caste system consisting of nobles and 
(‘ommoners, between whom marriage was 
prohibited. Upon this smoothly working 
.society the Spaniards superimposed the 
yoke of feudalism, which the Indians 
have spent 400 years in throwing off — 
or trying to throw off. The author con- 
cludes his analysis with the following 
keen ob.servat ions : “The Indian and the 
mestizo have always remained an impor- 
tant element of the population, whose 
demands for re(*ognition were repeatedly 
voiced ; sometimes peacefully, more fre- 
quently, violently. To-day these de- 
mands liave become more insistent and 
more coherent, as one might expect from 
a group con.stituting at least 20 per cent, 
of the native population of the continent, 
roundly 18,000,000 people. No stable 
peace and prosperity can ever come to 
the republics of this great region unless 
these demands are granted and the In- 
dian and the mestizo are permitted to 
participate, on equal terms, with the 
whites. In no part of the world have the 
culturally dominant whites .so excellent 
an opportunity of redeeming themselves 
or, better, of being forced to redeem 
themselves as in South Ameri(*.a. Let us 
hope they will take advantage of it.” 

Raymond E. Crist 
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AN UNUSUAL BOOK ON INSECTS^ 

‘‘Near Horizons is described in the 
foreword as ‘‘The Travel Book of a man 
who stayed at home. ’’ It is the record of 
observations in a wild jrarden that was 
maintained by the author for the use of 
insects and not for their destruction. It 
is filled with beautiful photographs 
(more than 160 of them, mostly close- 
ups) that illuminate the stories of the in- 
sects under observation. These are pic- 
tures not of “specimens,’* stuck on ])ins 
and symmetrically “spread,” but mostly 
of liviufi: insects as they would be seen 
by the reader of the book, in natural atti- 
tudes and against their natural back- 
g:rounds of bark and spray and flower, of 
earth and nest and burrow. They are 
mostly enlarjifements that brinj? out 
strikinjcly the characteristics of the ani- 
mals studied, and that will enable the 
reader who is untrained in entomology 
to recognize them on his own walks afield. 

The accompanying text contains a 
large amount of up-to-date information, 
interestingly told. Since insects are not 
the only denizens of the garden, other 
animals receive considerable attention, 
especially in the chapters entitled “Birds 
in an Insects Garden” and “Mole’s 
Way.” One most interesting and valu- 
able chapter is worthily devoted to “The 
Cicada Man,” the well-beloved, octo- 
genarian entomologist, William T. Davis, 
of Staten Island. 

An “Entomological Epilogue” at the 
end of the book lists nearly a hundred 
different insects that are discussed in the 
text, and serves as a repository for the 
big scientific names that might frighten 

^Near Iloriffonfi. The Story of an Innect 
Garden, Edwin Way Teale. Illustrated. xiv + 
319 pp. $3.75. October, 1942. Dodd, Mead and 
Company. 


the general reader, while keeping them 
available to those who may require them. 

It is an excellent book. Like the gar- 
den of which it treats, there is something 
in it for every one. 

James G. Needham 

FROGS AND TOADS OF NORTH 
AMERICA^ 

The authors, drawing from the Avorks 
of a half hundred other authorities, and 
combining wdth their own ijitensive ob- 
servations made over many years, pre- 
sent a handbook that is completely what 
the name implies. 

The part on breeding habits, the eggs, 
tadpoles and their transformation, is 
followed by a series of unusually excel- 
lent keys to families, genera and species, 
accompanied by most helpful sketches, so 
well done and so well labeled that even a 
beginner should have little difficulty in 
identifying the specimens. 

Each of the ninety-two forms occur- 
ring in North America is figured by a 
series of original photographs of living 
specimens, showing dorsal, ventral and 
lateral views, and some with eggs and 
tadpoles. The range of each speedes and 
the general characteristics of each are 
given, with notes on the voice and breed- 
ing habits, and many personal notes made 
in the field by the authors. There is an 
amazing list of (rommon names and a 
coni])lete bibliography, including state 
and province lists. 

To teachers, students and naturalists, 
for whom the work is designed, it is a 
most important contribution to our list 
of works on Amphibia. 

W. M. Mann 

I Uandhoolc of Frogs and Toads, Anna Allen 
Wright and Albert Ilassen Wright. llluHtrated. 
xi + 280 pp. $3.00. 1942. Comstock Publishing 
Company. 




THE PROGRESS OF SCIENCE 

NIKOLA TESLA, 1857-1943 


With the death of Nikola Tesla in 
New York City on January 7th, 1943, 
there passed a man whose inventions in 
the field of alternatinji: eurrent power 
transmission exerted a profound effect 
upon the development of the electrical 
industry, whose investigations in the 
field of high frequency currents brought 
him to the threshold of the dis(*.overy of 
wireless signalling, and phose prophecy 
of the advent of radio broadcasting 
nearly forty years ago, with all its social 
implications, has been fulfilled with an 
accuracy which is almost uncanny. 

He was born of the Serbian race in 
1857 at Smiljan Lika on the then border- 
land of Austria-Hungary. After at- 
tending the local schools, he finished his 
studies at the Polyte(*hnic S(*hool of 
Graz, Austria, and at the University of 
Prague. Specializing in physics and 
mathematics, it appears that at the 
Polytechnic School he becanu* acquainted 
with the rotating electrical machinery of 
that day and was much impressed by the 
mechanical weaknesses and general un- 
desirability of commutators and brushes, 
an observation which was later to lead to 
his most important invention. After 
spending a few years obtaining practical 
experience in the electrical art at the 
centers of activity on the continent, in 
1884 he came to the United States and 
secured employment at one of the Edi- 
son companies which were then engaged 
in the development of the direct current 
lighting system. 

In the succeeding years, the idea of 
eliminating brushes and commutators by 
means of a rotating magnetic field began 
to take form in his mind and resulted in 
the invention of the induction motor 
and the polyphase transmission system. 
In 1887 the Tesla Electric Company was 
formed to develop these ideas and 


shortly thereafter the Westinghouse 
organization, ai)preciating the possibili- 
ties of the system, took it up as a major 
project. The tremendous potentialities 
of the alternating current system were 
explored and extended, and as its ad- 
vantages became more clearly apparent, 
other organizations bent their efforts in 
the same direction. On this part of 
Tesla’s (lareer much will probably be 
written by men whose actual contact 
with the work qualifies them better than 
the writer to speak. 

The work of practical design and ex- 
ploitation having passed into hands 
more able to carry it on, Tesla began a 
series of painstaking investigations of 
the effects of high frequency, high volt- 
age (uirrents, which were to bring him 
to the brink of the discovery of radio 
signalling. It is not clear from his lec- 
tures what the motivating force was 
wdiich initiated these investigations. He 
appears to have started by utilizing the 
ordinary spark induction coil, but en- 
ergized it by specially designed alter- 
nators giving frequencies of the order of 
10,000 cycles. Apparently he observed 
and understood the effects of resonance 
and distributed capacity in the equip- 
ment, for we find him, in order to pro- 
duce currents of still higher frequencies, 
proceeding to the invention of the oscil- 
lation transformer with its primary 
excited by currents from the discharges 
of a condenser across a spark gap — the 
now well known “Tesla Coil.” With 
this mechanism he produced brush dis- 
charges at extraordinarly high voltages, 
and demonstrated many new and strik- 
ing effects. 

His lectures, delivered in the years 
1892 and 1893 in the United States and 
Europe, disclosed a long series of experi- 
ments relating to the application of these 
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currents for the production of lij?ht in 
various ways from evacuated filament- 
less tubes. 

There is in the lecture delivered before 
The Franklin Institute in 1893 a pro- 
posal of a method of sijrnallinj? ‘‘without 
the use of wires/ ^ which, had it been fol- 
lowed up experimentally, mi(?ht well 
have led to the discoveries which were 
later to be made by Marconi. It seems 
to have been some kind of intuition that 
led Tesla to propose nearly all the means 
by which radio sijfnallingr was orijrinally 
practiced. He proposes to disturb “the 
charges of the earth “ by settiii}? uj) alter- 
natinpr or oscillating currents in an ele- 
vated conductor connected to an alter- 
nating? current machine or to one of his 
oscillators whose other terminal is con- 
nected to the earth. As a receiving? 
means he proposes to set up an elevated 
conductor resonated to earth to respond 
to the transmitter. All that he failed to 
describeMrom an apparatus standpoint, 
was some suitably sensitive device to in- 
dicate or to detect the received signals. 

There is a very reasonable possibility 
that had Tesla proceeded experimentally 
along these lines, he would have met 
with success. It w^ould not have been 
the first time that an important discov- 
ery was made by following an erroneous 
theory. 

For many years Tesla conducted ex- 
periments in a laboratory erected in 
Colorado, and later at a plant located at 
Warderclyffe, Long Island, to follow out 
his theory, now extended to include also 
the transmission of power bj^ “wobbling 
the charges of the earth.” No technical 


account of these experiments has ever 
appeared. 

Yet in his last publication on the sub- 
ject there appears what might almost be 
termed a vision of the destiny of radio, 
so clearly did he forecast its all impor- 
tant field of utility and service — ^broad- 
casting. A part of it is quoted herewith 
from the Appendix of his book, pub- 
lished in 1904, entitled “Experiments 
with Alternate Currents of High Poten- 
tial and High Frequency.” Referring 
to his plans for the utilization of his own 
system he states: 

I have no doubt that it will prove very effi- 
cient in enlightening the massoH, particularly in 
still uncivilized countries and less accessible 
regions, and that it will add materially to gen- 
oral safety, comfort and convenience, and main- 
tenance of peaceful relations. Tt involves the 
employment of a number of plants, all of which 
are capable of transmitting individualized sig- 
nals to the uttermost confines of the earth. 
Each of them will be pi^cn^bly located near 
some important center of civilization and the 
news it receives through any channel will bo 
flashed to all imints of the globe. A cheap and 
simple device, which might be carried in one’s 
pocket, may then be set up somewhere on sea or 
land, and it will record the world ’s news or such 
special messages as may be intended for it. ” 

Of vourse the instrumentalities for 
praetieing broadeasting were not then in 
existenee. Tesla was classed as a vision- 
ary and his prophecy was forgotten. 
What harsher terms might, with justice, 
be applied to many of us who helped 
produce the instrumentalities with which 
broadcasting was eventually accom- 
plished! We applied them to point-to- 
point communication, failing completely 
to realize the significance of Tesla’s 
words. Edwin H. Armstrong 


NEWLY ELECTED VICE-PRESIDENTS OF THE AMERICAN ASSOCIATION 


The American Association for the 
Advancement of Science organizes its 
programs under fifteen sections which 
together cover broadly the fields of the 
natural and the social sciences. The 
affiliated societies which meet with the 


Association present their programs either 
jointly with the sections in their respec- 
tive fields or independently, as may best 
serve the interests of science. 

Each of the fifteen sections of the As- 
sociation has a chairman, elected for one 
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»il. l-'flAN(UB 1). MUBNAGUAN HH. OTTO STBIJVR 

PKOFESKOtt OF APPLIED MATHEMATK S, THE JOHNS PROFESSOR OF ASTRONOMY AND ASTROPHYSICS AND 
HOPKINS CNIVERSITY; CHA1RM\N OF THE SECTION DIRECTOR OF THE YRRKES OBSERVATORY; CllAlR- 
OF MATHEMATICS. MAN OF THE SECTION ON ASTRONOMY. 



DR. J. W. BEAMS DR. ARTHUR J. HILL 

PROFESSOR OF PHY.SK’S, UNIVERSITY OP VIRGINIA, PROFESSOR OF ORGANIC CHEMISTRY, YALE UNIVER- 
I’HAIRMAN OF THE SECTION ON PHYSICS. SITY; CHAIRMAN OF THE SECTION ON CHEMISTRY. 
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DR. IIERBKRT WOODROW 
PROFESSOR OF PSY(’HOLO(n% I’NIVERSITV OF ILLI- 
NOIS; (HAIRMAN, SECTION ON PSY(’HOLO(J Y. 


year, who is a vi(! 0 -president of the As- 
sociation for the section. The vice-presi- 
dents are (*hosen from amonjr the most 
eminent Americflii scientists in their re- 
spective fields. Eaidi vice-president de- 
livers an address at the close of his term 
of office before tlie section of which he is 
chairman. As a rule, these retirin*? ad- 
dress(‘s are surveys of parts or all of the 
fields of the respective sections and of- 
ten are distin*jrnished contributions to 
science. 

Amonjr the eminent men who, before 
1910, were vice-presidents of the Associa- 
tion for the se(*tion on mathematics and 
astronomy, which were joined in one 
section until 1920, we find J. Willard 
(ribbs, II. S. Woodward, later Pri^fdent 
of the Carnegie Institution of Washinj>:- 
ton, and K. E. Barnard, one of the jrreat- 
ost astronomers of his jreneration. The 
vice presidents of the section on physics 
included 11. A. Rowland, A. A. Michelson, 
a Nobel Prize winner, develand Abbe, 



DR. CARL R. MOORE DR. WILLJAM J. ROBBINS 

PROFESSOR OF ZOOLOGY, THE UNIVERSITY OF (’HI- PROFESSOR OF BOTANY, COLUMBIA UNIVERSITY AND 
GAOO; CHAIRMAN OF THF. SECTION ON ZOOLOGICAL DIHF.i’TOR, NEW YORK BOTANICAL GARDEN; CHAIR- 
SCIENCES. MAN OF THE SECTION ON HOTANK’AL SCIENCES. 
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Elihu Thomson and Heniy Crew. 

Amorif? the vice-presidents of the section 
on chemistry there were E. W. Morly, 
who cooperated with Michelson in the 
ether-drift experiment, W. A. Noyes and 
Ed^i^ar h\ Smith. The t^eologists and 
f?eop:raphers held meetinjjs under the 
ciuiirmanship of T. C. Chamberliin G. K. 

Gilbert, W. M. Davis and Hailey Willis. 

The section on zoolojjry had amojipr its 
presidiiifT officers Henry F, Gsborn, L. O. 

Howard, David Starr Jordan, K. G. 

Conklin and C. J. Herrick. Amonji: the 
vicfp-presidents in tlie field of botany 
there were Charles R. Barnes, William 
Trelease, C. E. Bessey and D. T. Mac- 
Doujjfal. The vice-presidents for the sec- 
tion on anthropolojjry and psychology 
iiK'luded D. G. Brinton, Franz Boas, J. 

McKeen Cattell, Hii^o Mnnsterberir and 
R. S. Woodworth, while the section on 
physioloj^y and experiiiUMital medicine 
numbered amonjjr its presidinjr officers ])j^ p, pj, BUCHANAN 

William H. Welch, Simon Flexner, ljud- ckokks^or of BscTKKioi.octY, iowa state (’ol- 
wi^^ Hektoen and William H. Howell. (’uaihman, section on aqkwvwvvhk . 




DR. F. STUART CHAPIN 

PROFESSOR OF SOCIOLOGY, UNIVERSITY OF MIN- 
NESOTA; CHAIRMAN OF THE SECTION ON SOCIAL 
AND ECONOMIC SCIENCES. 


DU. IlKNUY E. STGERIST 

PROFESSOR OF IHSimiCAL MEDICINE; THE JOHNS 
HOPKINS UNIVERSITY; CHAIRMAN, SECTION ON 
HISTORICAL AND PHILOLOGK’AL SCIENCES. 
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DKAN THORNDIKE SAVlLhE 

PKOFESSOR OF HYDRAULICS AND SANITARY ENGI- 
NEERING, NEW YORK UNIVERSITY; ('HAIRMAN OP 
TTIK SE(’TION ON KNOINEERINO. 



DR. PAUTi D. LAMSON 

PB0FB880JI OF PHABMAUOIAKJY, VANDERBILT UNI- 
VKEftlTY SrilOOL OP MEDICINE; CHAIRMAN OP THE 
SECTION ON MEDICAL SCIENCES. 


Althc)ii^?h the men whose names have been 
mentioned were vice-presidents of the 
Association from thirty to sixty years 
a^o, their influence on American science 
continues to this day. 

Sin(*e 1920, when a reviseil constitution 
was adopted, the Association has had fif- 
teen sections. Consequently duriiifr the 
twenty-two years sirufe that time there 
have been more than ?!()() vice-presidents 
of the Association. The retiring ad- 
dresses, most of which have been pub- 
lished in Seif nr present a picture of the 
projjrress of science in jreneral during? the 
period that probably can not be equaled 
in any other publi(*ation. Although it is 
uncertain whether the Association can 
hold a meetinj? next December, it is ex- 
pected that the vice-presidents recently 
elected will jirejiare addresses and that 
they will be published. 

Ail important officers of the Associa- 
tion arc elected by the Council at its an- 
nual meetin^:s held during the Christmas 
holiday season. However, the meeting? 
scheduled to be held in New York City 
was canceled because of eoni^estion in 
traiLsportation and officers could not be 
elected in the normal way. Instead, the 
election was held by mail ballot of the 
Council, the votes beiiif? counted by the 
tellers on February 17. This innovation 
in the method of electing*: officers of the 
Association was at first rej^arded with 
.some misj?ivinps; but, like many other 
chancres in ways of doin^ things and 
habits of thinkiufi: that have been forced 
by the war, it w^as found to have impor- 
tant advantafje.-., the foremost of which 
is that a much larp:er fraction of the 
Council voted by mail ballot than has 
ever been able to vote at a meetiiijr of 
the Association. A second advantage is 
that when a mail ballot is taken the 
members of the Council have time to act 
with deliberation. Possibly this exjieri- 
euce will lead to a change in the method 
of electing officers of the Association. 

The newly elected vice-presidents of 
the Association, whose portraits accom- 
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DR. .70HN K. AVRIGHT 

RESEARC’II EDITOR, AMKKKJAN OROORAPUK’AL SO* 
CIKTY, NEW YORK ; C HAIRMAN OF THE SECTION ON 
GEOLOCJY AND GEOGRAPHY. 

pany this note,' are an interestiiif? eross- 
section of American scientists. Tn the 
first place, they represent fifteen ciitferent 
fields. Eleven of the fifteen vice-presi- 
dents were born in the United States, one 
each in Conneeticiit, Iowa, Kansas, Ken- 
tucky, Missouri, Nebraska, New York and 
Ohio, and three were born in Massa- 
chusetts. Of the foreif??! born. Dr. F. D. 
Mnrnajjhan was born in (Vmnty Tyrone, 
Ireland; Dr. Otto Struve was born in 
Kharkov, Tiussia; Dr. liobert H. T^owie 
was born in V^ienna, Austria; and Dr. 
Henry K, Sif?erist was born in Paris, 
Prance. They hold positions in four- 
teen different educational and scientific 
institutions distributed throughout the 
United States from Connecticut to Cali- 
fornia and from Minnesota to Tennessee. 

1 With the exception of that of ProfesBor 
Robert Lowie, Chairman of the Section on An- 
thropology. 



DR. HAROLD P. CLARK 

PROFESSOR OF EDUCATION, TEACHERS (’OLLEOE, 
COLUMBIA UNIVERSITY; CHAIRMAN OF THE SEC- 
TION ON EDUCATION. 

Of the fifteen vice-presidents, twelve hold 
university positions in the usual sense, 
one is the director of a botani(*al f?arden, 
one is the director of two astronomical 
observatories, and one is a librarian and 
editor. 

Since they ranjre in apre from forty- 
four to sixty years, with an average 
of fifty-three, they are near the zenith 
of their intellectual powers. Their mem- 
ories reach back far enoufrh to jrive 
them perspective, their vitality extends 
their vision into the future, and their 
achievements and present positions will 
enable them to exert •« .^tronpr influence 
t)ii American science at the very time 
when its p:reatest opportunities for mak- 
injr eontribuitions to the proj^ress of civil- 
ization are presented. 

P. R. Moulton, 
Permanent Secretary 
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THE MENDEL MUSEUM AT MARY WASHINGTON COLLEGE 


In the library building ol* Mary Wash- 
ington College at Fredericksburg, Vir- 
ginia, the memory of Gregor Mendel, a 
great man whose* work was not ai)i)re- 
eiated until after his death, is perpetu- 
ated in a museum founded by the writer, 
professor of biology in the College and a 
refugee from Bruenn, where Mendel’s 
epoch-making experiments on heredity 
were carried out. 

At present the museum o<*(mpies one 
large room in the library building at 
Mary Washington College. Pour exhibi- 
tion walls and one exhibition desk arc 
now ready for inspection by the public. 
Bach is divided into six compartments. 
In order to facilitate the study for the 
visitor, type-written explanations are 
placed beneath or above each object. 
The German text of the documents is 
translated into English. The first nine 
compartments contain the bibliographi- 
cal material concerning Gregor Mendel’s 
life and w’ork, arranged around the por- 
trait of Gregor Mendel, paint(‘d by 
Joseph 0. Platter. This portrait })ainter, 
now a citizen of England, had been 
working in Bruenn for many years, 
during which he studied the environment 
where Mendel’s work originated, all the 
existing portraits and photographs of 
Mendel and the characteristics of the 
living relatives of the great scientist. 
In this way he succeeded in catching the 
expression of Mendel’s true |)ersonulity. 
The landscape of the background is that 
of the country around Bruenn. 

The exhibition starts with the j)hoto- 
graph of the modest farm housi^ where 
Mendel was born, shows phot^ats of 
his autobiography, of the first page of 
his classical paper, all existing portraits 
and photographs of Mendel, the monas- 
tery where he lived, his experimental 
garden, etc. The tenth compartment 
shows the portraits of some of the out- 
standing forerunners of Mendel in plant- 
hybridization from R. J. Camerarius, the 
German who discovered the sexuality of 


plants until W. J. Spillman, the Ameri- 
can, who in 1899 discovered the Men- 
del ian principles of wheat, indepen- 
dently and without knowledge of Men- 
del’s work. The compartments eleven 
to eighteen (mntain the preparations of 
the original (‘xperiments of the pea as 
made by Mendel, the proof of his theory 
by the back-cross experiment and the 
modern explanation of the experiments 
by the modified Punn(*tt checkerboard. 
The compartments nineteen to twenty- 
four contain material connected with 
the rediscovery of Mendel’s results, the 
Mendel celebration and the Mendel 
Memorial in Bruenn and with the 
foundation of modern genetics. 

On the exhibition desk the valuable 
original documents, partly written by 
Mendel’s hand, are shown. Some of 
them are connected with the examination 
for tlie office of a teacher at the Gym- 
nasium. Unfortunately, Mendel did not 
go to the University before this examina- 
tion, but afterwards. Thus he was not 
prei)ared sufficiently and it happened 
that the great discoverer in the field of 
Natural Science failed at his examina- 
tion on natural science. 

On the lower part of one of these 
documents is written in Mendel’s beau- 
tiful and clear script, in German, ‘‘The 
respectful undersigned acknowl(»dges 
that he received the questions for home- 
work about natural science for the whole 
Gymnasium from the Imperial Royal 
Examination Commission.” Six weeks 
later Mendel sent his elaborated answer 
to Vienna. The certificate about this 
examination by Professor Kner is almost 
annihilating. 

Another interesting Mendel relic con- 
sists of a collection of leaves of pears 
with Mendel’s handwriting. Prom the 
time of his youth, Gregor Mendel re- 
tained his fondness for fruit growing. 
After his election as prelate, he became 
master of the garden and had sufficient 
money to order and to cultivate the best 
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ONK OF TIIK FXIIIHITION WALLS OF THE MKNDKL MUSEUM 


races of fruit trees. Pat<*r Clemens 
Janetsehek, parson of Altbnienn, one of 
the conventuals to whom Mendel re- 
mained in friendly relations until his 
last years, present (‘d the biojxrapher 
with this collection of the leaves of pear 
trees. On each leaf Mendel wrote the 
name of the variety in his characteristic 
handwriting. 

Finally there are on the desks the 
original prints of the three papers pub- 
lished by Mendel in the Proceed injzs 
of the Society of Ncatural Science in 
Bruenn.’^ We see the original print, of 
Menders “Experiments on I’lant Hy- 
bridization, “ publish(‘d in Bruenn in 
1866, the second paper “On Some Hawk- 
weed Hybrids Obtained by Artificial 


Fertilization*^ published in the same 
proceedinjrs in 1870, and finally a paper 
describinf»: and explainint? seientifieally 
the tornado, which devastated parts of 
Bruenn on October, 1870, provinjr Men- 
del to be also a distint?uished meteorolo- 
ji’ist. 

This is the part of the museum already 
finished. The larj?e back walls and the 
two side walls will make it possible to 
enlar^^e the museum by demonstration of 
modern Mendelian experiments, of the 
results obtained by Drosophila research, 
of the modern study of the chromosome 
mechanism and of the practical applica- 
tion of Mendelism to plants, animals and 
man. 

Hugo Iltis 


AWARD OF SCIENCE SCHOLARSHIPS TO HIGH SCHOOL STUDENTS 

Forty science scholarships, including Washington, D. C., on March 2. The 
two of $2,400, one for a boy and one for scholarships, totaling $11,000, were 
a girl, were awarded to twenty-nine boys awarded to graduating seniors in public, 
and eleven girls in the second nation- private and parochial schools, 
wide Science Talent Search concluded in Gloria Indus Lauer, of Ames, Iowa, 
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DLL HIJOII 8. TAYLOR, PROFESSOR OF CUEMTSTRY, PRlN(7ETON UNIVERSITY 

EXPLAINS TO A GROUP OF SOHOLARKHII* OONTKKTAN'I»S HOW A HAIR OR SILK FIBRE WOULD LOOK IF 
MOUWMILKS WERE THE SIZE OP THE MODELS HE HOLDS IN HIS HANDS. 


and Ray Reinhart Suhiff, of New 
Rochelle, New York, each received a 
four-year Westin^house Science Grand 
Scholarship of $2,400. Six other boys 
and two other jyirls received four-year 
Westinghouse Science Scholarships of 
$400 each. One-year scholarships of 
$100 each were awarded to thirty seniors 
who also attended the Science Talent 
Searc'h Institute in Washington. The 
awards were made by Dr. Harlow Shap- 
ley, Director of the Harvard College 
Observatory and Chairman of the 
Science Talent Search board of judges, 
at a banquet held at the Hotel Statler 
on March 2, which closed a foi^-rnonth 
quest for students of the greatest poten- 
tial science talent among the million 
high school seniors of America. 

Each recipient of a scholarship may 
attend any college or university of his 
choice that meets the requirements of 
the scholarship awarding committee. 


The awards do not prevent those winning 
the awards from accepting other scholar- 
ships. 

Five alternates were named to receive 
awards if for any reason, except war ser- 
vice, winners should be unable to use 
their scholarships. Scholarships awarded 
to winners who enter military or other 
government service will be held in trust 
by Science Service for use after the war. 

The ISidence Talent Search judges in 
addition to Dr. Shapley, chairman, were 
Dr. Harold A. Edgerton, Director, Oc- 
cupational Opportunities Service, The 
Ohio State University, and Dr. Steuart 
Henderson Britt, Director of the OflBce 
of Psychological Personnel of the Na- 
tional Research Council and Professor of 
Psychology at George Washington Uni- 
versity. 

Last November 25,000 school princi- 
pals and teachers w^ere asked to assist in 
finding the forty graduating seniors en- 
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rolJed in the nation’s secondary schools 
who were most likely to succeed as scien- 
tists. These principals and teachers 
responded by administeriiifr a science 
aptitude examination, prepared for the 
.Search by Dr. Edf^erton and Dr. Britt, 
to lf5,00() entrants. On the basis of this 
examination, as well as an orifjinal essay 
of 1 ,000 words on ‘ ‘ Science ’s Next Great 
Stej) Ahead” and personal and scholar- 
ship records submitted by the teachers, 
forty of the entrants were chosen to jro 
to Washinj^ton for a five-day Science 
Talent Search Institute. Final examina- 
tion during sessions of the Institute, and 
individual interviews with the judfres, 
determined the award of the scholar- 
ships. 

The Science Talent Seandi is con- 
duct(‘d annually by the Science Clubs of 
Ameriea, administered by Science Ser- 
vice, and the Westinjrhouse Electric and 


Manufacturing Company. The Westing- 
house Com})any provides the scholar- 
ships as an incentive to scientific achieve- 
ment in America. 

The objectives of the Science Talent 
Search are; 

1. To discover and foster the educa- 
tion of boys and girls whose scientific 
skill, talent and ability indicate poten- 
tial creative originality and warrant 
scholarships for their develo])ment. 

2. To focus the attention of large 
numbers of scientifically gifted youths 
on the need for perfecting scientific and 
research skill and knowledge so that they 
can increase their capacity for contrib- 
uting to the task of winning the war and 
the peace to follow. 

3. To helj) make the American public 
aware of the role of s(uence in the war 
and in the post-war re(*onstru(*tion. 

Embree 0. Jatllite 


A SCIENCE MOBILIZATION BILL 

Summary Prkimrkd ky thk SuB-CoMMriTK.K on Tkciinolooical Mobilization 


A PIONEER attempt to accord science 
full opportunity to contribute to the war 
•effort crossed the nation’s political hori- 
zon in August, 1942, when Senator Har- 
ley M. Kilgore of West Virginia intro- 
duced a Science Mobilization Bill in the 
77th Congress. The measure was revised 
in accordance with constructive sugges- 
tions by numerous scientists and tech- 
nologists and re-introduced in both 
houses of the 78th Congress by Senator 
Kilgore, in the Senate, and Congressman 
Wright Patman, in the House of Repre- 
sentatives. 

Extensive hearings on the earlier bill 
were conducted last fall by the Senate’s 
Kilgore Committee. Hearings on the 
<*urrent legislation are scheduled to begin 
in the week of March 22. 

The Kilgore-Patman Bill (S. 702, H.R. 
2100) provides for complete mobilization, 
development and application of scientific 
and technological resources, manpower 


and facilities for production of the war 
and for effecting transition from a 
national war economy to one of peace, 
during the forthcoming reconstruction 
period, with minimum dislocation and 
confusion insofar as technology is con- 
cerned. 

Authors of the bill have recognized 
that America is engaged in a highly 
mechanized war, a technological struggle. 
The bill points to “serious impediments” 
to the full use of science and technology 
in the war, stating that the solution of 
urgent problems has been delayed or 
rendered ineffective by the absence of an 
over-all plan for the development and 
use of personnel and facilities in relation 
to the national need. It alleges further 
that there exists an insistent trend to- 
ward monopolized control of scientific 
and technical resources and a consequent 
lack of access thereto in the public inter- 
est. 
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Puri)()s(»s of the bill are clearly stated 
ill the (lociinient. Of particular interest 
to scientists are its intentions to aid and 
encourajjre the writinia: and publication of 
scientific literature; to promote full and 
speedy introduction of the most advanced 
and effective techniques for the benefit 
of a{?riculture, manufacturing, distribu- 
tion, transportation and communication ; 
and to aid and em^ourafi^e research and 
enterprise of inventors, scientists, edu- 
cational institutions, and public and 
private research laboratories. 

It further declares as its purposes: 
the discovery and development of sub- 
stitutes for critical materials; the pro- 
motion of interest in scientific education 
and provision for all qualified persons 
the means of scientific and technical 
trainiiif? and employment; and the main- 
tenance and ex])aiision of free enterprise 
by making available to smaller business 
the benefits of scientific advancement. 

To a(*coinplish these and its other pur- 
poses, the bill proposes the establishment 
of an inedependent Office of Scientific 
and Technical Mobilization. This agency 
would have broad powers and would co- 
ordinate the work of twenty-odd major 
and more than forty minor government 
agencies now dealing with science and 
technology. Tn addition, it would initiate 
and maintain programs in those essential 
fields where no effective work is now be- 
ing done. 

The Office would be Ixeaded by axi ad- 
ministrator appointed by the President. 
Dollar-a-year employees of the Office are 
expressly prohibited by the bill. The 
sum of $200,000,000 is authorized to be 
af)propriated for carrying out the pro- 
visions and purposj^^gf the bill. 

Within the Offlcil?’therc would be a 
National Scientific and Technical Board, 
headed by the administrator and eonsi.st- 
ing of representatives of industry, labor, 
agriculture, consumer groups and two 
persons who are primarily scientists. All 
members would be full-time employees of 


the Office and would assist the adminis- 
trator in carrying out the provisions of 
the bill. Because of its cross-seedion 
membership, the board would be equip- 
ped to reach equitable, non-discrimina- 
tory decisions in poli(*y matters confront- 
ing the Office. 

The bill also calls for a National Sci- 
entific and Technical Committee of 
twenty-five or thirty members. Headed 
by the administrator, it would consist of 
the board's membershi]) and additional 
representativ(»s of government agencies, 
industry, labor, the consuming public 
and S(»ien(!c and technology. The C'om- 
mittee woidd meet at least once a month 
and would serve in an advisory capacity. 

Board powers are granted to the Of- 
fice. It would be authorized to (a) take 
a census of scientific facilities and pro- 
vide archives for scientific material ; (b) 
develop programs for full use of scientific 
and technical facilities and personnel; 
(c) coordinate work of Federal scientific 
agencies; (d) foster international co- 
operation in science; (e) advise the Presi- 
dent and Congress, on request, regarding 
science and technology ; (f ) review speci- 
fications and designs and re(M)mmend 
their simplification when advisable; (g) 
finance scientifn* work, public or private, 
by loan or grant; (h) bestow merit 
awards for outstanding scientific contri- 
bution in the national interest. 

The Administrator is empowered 
further by the bill to provide for defer- 
ment of scientific, and technical personnel, 
thus pi*eventing recurrence of such (criti- 
cal shortages as that which exists in the 
(^a.se of physicists, 2,000 of whom have 
been inducted into the Army, without 
regard to the need for their services in 
war jxroduction. 

The bill pays particular attention to 
patents and specifically empowers the 
Office to requistion them, while a state of 
war exists, for use in the defense of the 
nation. It grants further to the Office 
exclusive power in the government over 
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all inventions and patents to which the 
fyovernment has claim which must be 
licensed on a non-exclusive basis and in 
such a way as to safeguard against mo- 
nopoly or injury to the national interest. 

The Office is also enabled by the bill to 
requistion any essential fa(dlity needed 
for war production when other means of 
obtaining use of the facility have been 
exhausted, with the proviso that they be 
restored to their owners within six 
months after the war has ended. 

The bill, then, sets up an independent 
science and technology agency under the 
aegis of which the nation’s scientific ef- 
fort will be exi)anded in the war and 
post-war periods for maximum contribu- 
tion to the general welfare of the nation. 

The structure envisioned in the bill is 
all-embracing. Its program, as author- 
ized by the bill, would (uiable science to 
assume a place at the highest level of the 
government. Until the introduction of 
this legislation science had been recog- 
nized only in part. Scientific divisions 
within government agencies had been 
established, and some few purely scien- 
tific agencies had been set up. But there 
had been no attempt to bring these to- 
gether into a cohesive organization dedi- 
cated to the whole of science. The 
Office of Scientific and Technical Mobili- 
zation ^vould accomplish this, would act 
as an advocate of science in the planning 
of national atfairs where the voice of 
science is so desperately needed. 

The timeliness of this legislation can- 
not be questioned. Science has so ma- 
tured in the last twenty years that it de- 
mands this recognition. The war by its 
technological character compels us to 
mobilize our scientific resources now. 

Extracts from Sciknce Mobilization Bill 
Definiiiona 

“Scientific and technical personnel “ shall in- 
clude all persons, excepting pliysicians and den- 
tists, who have completed any eoiirso of study 
in any college or university in any branch of 
science or its practical application or who have 


had not less than an aggregate of six months’ 
trfiining or employment in any scientific or 
technical vocation. 

“Agency or establishment” shall mean any 
agency, board, department, office, bureau, or 
other body of the Federal or any State or local 
government, or any person, firm, or partnership 
engaged in business for profit, or any corpora- 
tion, profit or nonprofit, association, school, col- 
lege, and university. 

Estahlijihment of Independent Office 

There is hereby created, as an in<lependent 
agency of the Federal Oovernment, tho Office 
of Scientific, and Technical Moliilization (herein- 
after referred to as “the Offiee”) which shall 
be administered by an Administrator to be ap- 
pointed by the President, by and with the ad- 
vice and consent of the Senate, and to serve at 
tho pleasure of tho President. The Administra- 
tor shall receive a salary at tho rate of $12,000 a 
year. The Adininisfrator shall appoint, fix tho 
compensation, and define the authority and duties 
of such officers, employees, attorneys, and agents 
as he shall deem necessary to carry out the pur- 
poses and provisions of this Act and to trans- 
act the business of the Office. Such appoint- 
ments shall be ma<l(‘ in accordance with the 
provisions of the civil-service laws and regula- 
tions and the Classification Act of 1923, as 
amended: Vrovidrd, That when the Administra- 
tor determines it to be necessary in order to 
elTeeutate the purposes and jirovisioiis of this 
Act he may waive these requirements. 

To formulate and promote projects and pro- 
grams for the development and uso of scientific 
and technical facilities and personnel and, when 
necessary, to initiate and carry out such proj- 
ects. 

To foster and devclo]) scientific and tcclinical 
methods, to promote their application in the 
national welfare, either within the Office or by 
other au8i»ico8, public or jirivate, and to promote 
and provide training and participation in sci- 
ence and ill its application. 

To finance by Joan, grant, exchange, purchase, 
or otherwise the operations or functions, or any 
of them, authorized by this Act, and, for the 
same jmrposes, to make or acquire any contract, 
guaranty, indemnity, stipulation, lease, or other 
instrument, to acquire, improve, and alter real 
and personal property, and to enter into any 
other transaction necessary or appropriate for 
the performance of its duties or powers. 

To make, amend, and rescind appropriate 
rules and regulations to carry out the purposes 
of this Act and all the powers and duties vested 
in the Office, which rules and regulations shall 
have the force and effect of law. 
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Mobilization of Vcrsonnel 

Duriiijj tlu' exiHtfncc of a state of war and for 
six months tlieroiifter, the Administrator is 
authorized to prescribe and promulgate appro- 
priate rules, regulations, procedures, and meth- 
ods, subject to direction by the Chairman of the 
War Manpower Commission, for the training, 
classification, and employment of all scientific 
and technical personnel by any person, agency, 
or establishment, public or private. 

Comments of Scientific Men 

Dr, Gustav hUflojfy T)irector of Kesearch, Uni- 
versal Oil Products Company: You will be in- 
terested to know that there are now two bills by 
Kilgore, S-(>07 and H 702, ‘‘To establish an Of- 
fice of War Mobilization, and for other pur- 
poses” and “To mobilize the scientific and tech- 
nical resources of the Nation, to establish an 
Office of Scientific and Technical Mobilization, 
and for other y^urposes, ” both of which T be- 
lieve are bad. S-702 is a revised bill of the one 
presented last year as S-2721. 

Mimeograjihed copies of both the Kilgore 
bills ar(‘ attached which I believe you will read 
with more than usual interest. I am hoyieful 
that the A.A.A.S. may draw the attention of its 
membershiyi to these two bills which will, should 
they eventuate into law, yn'ofoundly influence 
everyone ’s life adversely, and — more imymrtant 
— will slow up the war effort. 

Dr, TTarry N. Holmes^ PresidcJit American 
(diemical Society; I am much interested in your 
f)ill to establish an Office of Technological Mobil 
ization, for I am convinced that we are not 
making war us<* of enough of our scientific 
brains. That is certainly true in chemistry, my 
own field. A great many chemists complain to 
me, as their president, that they want to do 
something to aid the scientific war effort but 
that no jiroblems have* been assigned to them. 

Personally I am acquainted with important 
yiitiblems, some of them requiring y)ilot plants 
for develoynnent, that lu'ed directed drive. Needs 
and men should l>e brought together. 

We have suffered from the bottleneck of 
military brains having the exclusive yiower to 
pass on to the research grouym the jirolilenis to 
be investigated. Military men are not yiro- 
found scientists, yet they have ymwer to make 
vital decisions on scientific yiroblems of vital 
importance to the war effort. . . . 

Dr. Frank B, Jewett, President, National 
Academy of Sciences: . . . All this however, 
has nothing whatever to do with the National 
scientific and technical preeminence. We forged 
ahead in the sectors oy)en to us and built up a 


great potential reservoir of knowledge and 
trained |)er8onnel available for use in whatever 
direction need required. 

During the past two years that direction has 
been increasingly away from civil and toward 
war objectives. Any of us >vho are in daily 
touch with the acconiyilishments of JJie Army, 
Navy, National Defense Besearch Committee, 
and latterly with the War Production Board 
kmnv how astounding has been the progress. 
We are no long(*r laggards in this field but in 
many sectors are ri'cognized leaders. 

The figures I gave the committee are an illus- 
tration of how complete has been the transition 
from a ]»eace to a war objective. 

Jn the main this has been accomplished by 
utilizing existing agencies and directing their 
activity to war problems — not by setting up 
new ageiici(‘s. The outstanding success of N. D. 
R. C. is grounded in a realization that now re- 
search and developnnmt agencies are very in- 
efficient for a long time and that best results are 
obtained by utilizing tnen and facilities in situ 
so far as possible. Wo have stoutly refrained 
from building up a great centralized research 
and development organization and have ad- 
hered rigorously to the “no-profit noloss “ de- 
vehq>ment contract scheme. 

In only three substantia! sectors has it been 
nec<‘ssary to create new^ physical facilities and 
assemble large numbers of scientists and (*ngi 
neers by taking them away from their normal 
environinmit. These three were the two anti- 
submarino laboratories at New Dondon and 
Han Diego and the Microwave Laboratory at 
Massachusetts Distituto of Technology. 

As to the first two, there were no existing 
facilities and as to the third, no facility ade- 
(piate for the work to be done. In all three 
cases, however, we adhered to the contract sys- 
tem in creating and oijerating the facilities in 
order to preserv(i going values. 

IIa<l we ])roceede(l on the basis of setting up a 
centralized Government agency with paid per- 
sonnel, as is contemplated in 8. 2721 | the earlier 
RillJ, I am sure ive would have made a mess of 
it. Whether or not 1 am right in this 1 am cer- 
tain that we have gone too far on the road we 
have followed to , contemplate safely now so 
radical a change of ])hilo8ophy as 8. 2721 (and 
H. 2871) involves. . . . 

Dr. Charlen L. Parsons, Hocretnry, American 
Chemical Hociety; . . . There are many desir- 
able objectives in this bill, but in my opinion it 
confers totalitarian powers that should be en- 
trusted to no human being and requires an 
omniscience for its intelligent execution which is 
not to be found on this earth. 
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CHINA AND AMERICA AGAINST SOIL EROSION 

I. THE FATE OF CONSERVATION IN NORTHERN SHANSI 


By Drs. W. C. LOWDERMILK and D. R. WICKES' 

SOIL CONSKKVATION SERVICE, U. S. DEPARTMENT OF AGRICULTURE 


War of survival calls for our supreme 
effort. All resources, man-power and 
inaniiriate resources are called on to 
yield i^reater results. Experiments of 
the Hoil (Conservation Service throuf?h- 
out all farminj? areas of the country, 
have indicated that (‘onservation mea- 
sures f^reatly increase yields of crops. 
In such times our attention is called to 
China, where the use of land lias gone 
through a wide range of trial and error 
for thousands of years. To find that 
conservation is not unknown in China \s 
long history is of sfieiual interest to 
American scientists and historians of to- 
1 AHsistant Chief and Soil Conscrvationint, re- 
spectively. 


day. Forces in civilization for and 
against (ionservation of material re- 
sources become apparent in the remark- 
able Chinese historical records and in the 
land itself, which bears a record of past 
land use. 

Conservation of forests and soils has 
long been a problem and concern of the 
Chinese despite usual impressions gained 
from denuded hills of China. The senior 
author set forth the basis for this con- 
clusion in 1930.^ As far back as 300 B.o. 
one of the precepts of Mencius read as 
follows: ‘‘If ax and hatchet are used in 
forests at suitable intervals of time, then 

AnnaU of Amvr. Acad, of Polit. and Social 
Sriciicc^ Nov. 19110. 
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VIEW ACROSS THE VALLEY OF THE FEN RIVER 

IN WHICH TUNO CUAI IS LOCATED, SHOWING A LANDSCAPE ONCE COVEBED WITH SPRUCE LARCH 
FORESTS, THE LAND IS CULTIVATED EVEN UP TO STEEP SLOPES AS SEEN IN THE RIGHT FOREGROUND, 
BRINGING ON DEVASTATING SOIL EROSION UNTIL MOST OF THE AREA HAS BEEN GENERALLY ABAN- 
DONED BY FARMERS, EXCEPT IN PATCHES, AS MAY BE NOTED IN THE MIDDLE FOREGROUND. NOW 
HERDS OF SHEEP RUN OVER THE ABANDONED FIELDS. 


timber will be available when needed. 
Prom ancient printed records of China, 
where the printing? press was in use long 
before its discovery by Gutenberg,^ there 
is evidence that conservation was not 
only understood and advocated but car- 
ried out for centuries. The Chinese have 
long been conservationists, second only 
perhaps to the ancient Phoenicians. The 
Chinese inherit an unbroken civilization 

9 Or in its context : If the seasons of agricul- 
tural work are not interfered with, grain will be 
more than can be eaten. If close-meshed nets 
are not used in pools or ponds, fish and turtles 
will be more than can be eaten. If ax and 
hatchet are used in forests at suitable times 
only, wood will bo more than can be used. If 
grain, fish and turtles are more than can bo 
eaten, and wood is more than can bo used, this 
will cause the people to nourish the living and 
bury the dead without resentment. This condi- 
tion, in which the living ore nourished and the 
dead are burled without resentment is the begin- 
ning of the way of royal government. (Transla- 
tion modified from Legge’s in Chinese Classics, 
Vol. 2, p. 130 f. (1895.) 

* See CartiTi T. F. The Invention of Printing 
in China, 19IU5, eh. 10, etc. 


for fully 4,000 years, while the Phoeni- 
cians long ago disappeared as a nation 
and as a people. 

But knowledge and regulations for 
conservation were not enough to assure 
its lasting observance as a policy. Some 
of the reasons are set forth by the Senior 
author elsewhere.* Despite sound regu- 
lations certain forces brought on ex- 
ploitation of lands and forests, which 
unleashed erosion and torrential floods 
that undermined the prosperity of ex- 
tensive regions. It is not within the pur- 
poses of this paper to examine the causes 
for the failure and success oi conserva- 
tion policies 'and measures ; its aim is 
rather to make known the record of a 
region in Shansi where policies for con- 
servation waxed and waned through two 
cycles of several centuries. 

The Chinese county or regional gazet- 
teer is a remarkable historical source 
document. For more than 2,000 years it 
has been the custom in China to record 

2 Loo. cit. 
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important events; many records of geo- 
graphical facts and conditions and of 
important personalities have for nearly 
a thousand years been included in 
printed volumes issued from time to time 
by counties, prefectures and provinces. 
Each later issue summarizes material 
from earlier issues and brings the rev.ord 
up to date with recent and new informa- 
tion. In these remarkable gazetteers are 
accounts of eclipses, of severe droughts 
and destructive floods, of forests and 
land use, besides other information. 
Such documents, of which the Library of 
Congress has one of the world’s most 
complete collections now numbering 
more than 3,000 gazetteers besides dupli- 
cates, afford much information concern- 
ing the history of land use and its con- 
sequences in typical areas of China. 

More than ever are we of America in- 
terested in China, for now she is one of 
our most powerful and resourceful allies 
in this world-wide w^ar. Moreover, our 
movement for conservation in the United 
States was stimulated by studies of land 
use in that ancient country. We shoiild 
also remember that with a cultivated 


area of about two hundred million acres® 
China has for a long time been support- 
ing a population of approximately 450 
millions. Such effective use of land has 
not yet been approached in this country. 
Yet some have seen the danger that it 
wdll not continue in China without full 
use of conservation measures.® 

President Theodore Roosevelt in a mes- 
sage to Congress in 1908 used China as 
ail example of what happens when a 
country fails to preserve its forests, and 
pushed ahead the movement for conser- 
vation of forests in this country. Among 
other things he said : 

All serious students of the question are aware 
of the great damage that has been done in the 
Mediterranean countries of Europe, Asia, and 
Africa by deforestation. The similar damage 
that has been done in Eastern Asia is less well 
known. A recent investigation into conditions 
in North CHiina by Mr. Frank N. Meyer, of the 
Bureau of Plant Industry of the U. S. Depart' 
ment of Agriculture, has incidentally furnished 

s According to statistics published by the Min- 
istry of Agriculture and Commerce, for 1917, a 
maximum figure. Ti chiu t ’zu nung shang t ’ung 
chi piao, 1920. 

«Tieh, T. Min, Soil Erosion in China, Gcog. 
Rev,, 31 ; pp. 570-590, 1941. 



SAWING UP LOGS INTO BOABD8 

FOR PACKING DOWN THE MOUNTAIN TO THE TOWN OF TUNG CHAI IN THE PROVINCE OF SHANSL 
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ill very striking fashion ])roof of the ruin that 
comes from reckless deforestation of mountains) 
and of the further fact that damage once done 
may prove practically irreparable. Ho important 
are these investigations that I herewith attach 
as an appendix to my message certain photo- 
gra})hs showing ])resent conditions in China. 
They show in vivid fashion the appalling deso- 
lation) taking the shape of barren mountains and 
gravel and sand-covered plains, which imniedi 
ately follows and depends upon the deforestji- 
tion of the mountains. 

. . . Each family, each community, where there 
is no common care exercised in tlie interest of 
all of them to prevent deforestation, dnds its 
profit in the immediate use of the fuel which 
would otherwise bt! used by some other family or 
some other community. In the total absence of 
regulation of the matter in the interest of the 
whole people, each small group is inevitably 
pushed into a i)olicy of destruction which can 
not afford to take thought for the morrow. . . . 
The forests can only be protected by the State, 
by the Nation; and the liberty of action of 
individuals must be conditioned upon what the 
State or Nation determines to be necessary for 
the common safety. 

The lesson of deforestation in China is a les- 
son which mankind should have learned many 
times already from what has occurred in other 
places. Denudation leaves naked soil; then gul- 
lying cuts down to the bare rock ; and meanwhile 


the rock-waste buries the bottomlands. When 
the soil is gone, men must go; and the process 
docs not take long. 

This ruthless destruction of the forests in 
Northern China has brought about, or has aided 
in bringing about, desolation, . . . just as the 
destruction of the forests in Northern Africa 
helped towards the ruin of a region that was a 
fertile granary in Roman days. Shortsighted 
man, . . . when ho has destroyed the forests, 
has rendered certain the ultimate destruction of 
the land itself. In Northern China the moun- 
tains are now such as arc shown by the accom- 
panying photographs, 7 absolutely barren peaks. 
Not only have the forests been destroyed, but 
because of their destruction the soil has bemi 
washed off the naked rock. The terrible conse- 
quence is that it i.s impossible now to undo the 
damage that has been done. . . . Almost all the 
rivers of Northern China have become uncon- 
trollable, and very dangerous to dwellers along 
their banks, as a direct result of the destruction 
of the forests. 

In the movement for conservation of 
natural resources which came after tliis 
message, though soil conservation was 
ably presented by Van Hise, Chamberlin 
and McGee, it was the idea of conserving 

7 Several of which are reproduced in this 
article. 



CONTRAST VALLEY IN THE TUNG CHAI AREA 

SO-CALLED BECAUSE A PORTION OP THE SLOPE WAS LEFT IN FOREST STAND AND THE REMAINDER 
<'LEARKD AND CULTIVATED. RUNOFF PIA)T8 WERE LOCA'JTOD IN THESE TWO AREAS TO SHOW CONTRAST 
IN RUNOFF AND EROSION UNDER THESE TWO CONDITIONS. LIGHTFJl COLORED AREAS ON THE CULTI- 
VATED AREA snow EROSION PAVEMENT. 
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our forests that caiij^ht the public atten- 
tion. Conservation of the soil, the basic 
resource, as a national policiy essential to 
the j?eneral welfare had to wait for an- 
other jreneration and another Roosevelt 
as ])resident. 

Studies and experiniejits carried out 
by the Senior author on the j^round in 
China” parti(*ularly in the provinces 
of Shansi, Shensi, Honan, Shantung, 
Anhwei, Cliihli and Kianj?su, and re- 
search by the Junior author in Chinese 
historical records confirm tlie conclusions 
of the President ’s message, but with an 
important addition. Between deforesta- 
tion and soil erosion with its far-reachinp: 
cons(‘quences of devastation is the proc- 
ess of cultivatioji to necessary crops. By 
this the soil formerly protected by its 
natural mantle of jrrass or forest is ex- 
posed to the dasli of rain and blasts of 
wind to indtK'c and sjieed up soil erosion. 
This erosion lakes place at a rat(t faster 

« Factors influencing tlie surface runoff of 
rain waters. Proc. Third Pan-Pacific Beienee 
Pong. Tokyt), 21 22-1! 1 4 H, 192fl. 


than soil formation and means land de- 
struction in any land if not controlled. 

That large areas in North China now 
treeless were formerly covered with for- 
est, woods and gi*ass is recorded in docii- 
menis that come down to us from the 
past. Among the gazetteers or local, 
prefectural and provincial histories in 
the Chinese eolleetion of the Library of 
Congress there is ample eviden(*e for ex- 
tensive deforestation in the province of 
Shansi, as well as in other parts of China. 
The great Chinese Encyclopedia’’ con- 
firms this evidence. 

It has been asserted that the extensive 
areas (‘overed with loess have never sup- 
ported forests, on account of low water 
table.sj“ but the discoveries of J. G. An- 
derssoii in Honan l^rovince seem to indi- 

» Ku-chin t slni chi-cb kuig, compiled from 
important earlier works and carefully edited by 
a staff of scholars under im]»erial order. Preface 
1720. 

10 V. K. Ting, Prof. Granet’s Civiliza- 
tion Chinoise. Chinese Social and PoU Sd. 

15: 207, 1931. 



VIEW OF A MOUNTAIN SLOPE ONCE COVERED WITH FORESTS 
AND THEN CLEARED FOR C’CLTIVATION, IN THE TUNG CHAI AREA. THE STUMPS AND ROOTS GRUBBED 
OUT OF THE (mOUND WERE PILED IN WINDROW\S ON THE rONWUll, FORMING A SORT OF TEMPORARY 
TERHA(’E. EROSION HAS WASHED OFF THE SOIL, LEAVING HEAVY EROSION PAVEMENT AT THE SUR- 
FACE. ISOLATED TREES LEFT STANDING GIVE AN IDEA OF THE ORIGINAL FOREST I^OVER. 
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cate a considerable growth of trees in 
parts of this area in the period before the 
present deep gullying had lowered water 
tables.^^ As to the present, Sowerby, 
who has traveled extensively in this re- 
gion states that ‘‘over the loess hills of 
Shensi, where uncultivated areas occur, 
we find such small trees as the Hazel, the 
Birch, a small variety of Poplar and a 
stunted Oak growing in great profusion, 
and forming dense coverts for various 
kinds of game.’*^® Cresscy in speaking 



FOREST DENUDATION 

SHOWING IN THE TTNO CHAI AREA HOW FORESTS 
WERE CUT AND THE I*AND CLEARED FOR CULTIVA- 
TION, UNLEASHING TORRENTIAL RUNOFFS WHICH 
CUT GULLIES THROUGH THE LOWER SLOPES. 

of the region of the loess highlands, says, 
“Much of the highlands, except perhaps 
the desert margins, appears to have once 
been covered with a continuous forest.’’*^ 

1* Andersson, J. G., Children of the Yellow 
Eartli, 1984, C'hup. 10; EsHays on the Ccnozoie 
of Northern China. Memoirs of the Geol. Sur- 
vey of China, Ser. A, No. 3, Mar. 1923, p. 141. 

la Sowerby, A. de C. Sport and Science on 
the Sino-Mongoliun Frontier, 1918, p. 221. 

i^Cressey, Geo. B., China’s Geographic Foun- 
dations, 1984, p. 199. 


A reasonable view is that zones of forest, 
brush and grass-land corresponded to 
rainfall belts as annual rainfall dimin- 
ished toward the (3obi Desert, as studies 
of temple forests in extensive field sur- 
veys by the Senior author and Chinese 
associates have disclosed.'^' 

The process of forest removal and sub- 
sequent cultivation of the soil was ob- 
served by the Senior author in northern 
Shansi in Ning-wu Prefecture, near the 
sources of the Pen River. The effects of 
this combined process were also observed 
in eroded slopes and boulder-strewn dry 
stream beds, that became raging debris- 
laden torrents after heavy rains. Popu- 
lation pressure on land had pushed the 
cultivation line higher and higher up 
slopes where farming means more and 
more work. Following clearing of nat- 
ural growth for cultivation, soil erosion 
develops gullies in the loess to astound- 
ing depths, often to the depth of the 
loessial mantle of several hundred feet, 
whereas erosion in residual soils washes 
away fine particles leaving behind rock 
fragments to form erosion pavement. 
Gullies may later viit through the erosion 
pavement to bed rock and fill the stream 
channel with gravel, cobble and boulders. 

Ning-wu Prefecture, one of the .study 
areas (now Ning-wu Di.strict) lies in the 
northw^estern part of Shansi Province, 
about the headwaters of the Pen and 
Sang-kan Rivers. Tlie topography is 
rough and mountainous with a little 
plateau land. The rainfall is in general 
convectional, occurring mostly as heavy 
dowuipours in summer. A mantle of 
loessial soil (»overs gently sloping land 
and lower flanks of the mountains. Wher- 
ever the loess occurs it has been cleared 
by eager farmers for cultivation. Above 
the loess mantle residual, noncalcareous 
Lowdermilk, W. C., Forest destruction and 
slope denudation in the Province of Shansi, 
China Jour, of Sci, and Arts, 4: 127“‘135, 1926. 

ui Lowdermilk, W. C., T. I. Tiee and 0. T. Ren, 
A Cover and erosion survey of the Ilwal River 
Catchment Area. In Chinese, Nanking, 1926: 
Ms. ill English, S.C.S. Washington. 
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BED OP THE T'AI-SHAN HO AT JUNCTION OF A TRIBUTABY 

SHOWING DEPOSITED DETRITUS, BARED HILLS AND A VILLAGE WITH SOME CULTIVATION TERRACES 
IN LOESS DRIFT, MUCH OP WHICH HAS WASHED OPP THESE SLOPES. 
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irruy brown podzolic soils mantle upper 
slopes and table lands of the mountains 
which were orip:iiially covered by excel- 
lent foi’est stands from pines at lower to 
spruce-larch at hiji^her elevations. 

The senior author found extensive for- 
est remnants on mountains in the west- 
ern part oF the area, west of Tung Chai. 
On other slopes isolated forest trees 



IN SHANSI PROVINCE 

IN THE TUNG CHAI AREA. VIEW OF FORMERLY 
rORKSTEI) SLOPES WHICH WERE CULTIVATED AND 
SERIOUSLY ERODED. TORRENTIAL RUNOFF FROM 
ERODING SLOPES, TO HE NOTED IN THE BACK- 
GROUND, HAS CREATED A ROCKY, TORRENT-TORN 
VALLEY, AS SEEN IN THE FOREGROUND. 

showeil where forests had formerly stood. 
Here and elsewhere in Shansi were found 
forest remnants where temples and mon- 
asteries had protected forest areas rang- 
ing from a few to many hundreds of 
acres. In these ^orjst remnants natural 


reproduction of the trees was taking 
place, showing that conditions of climate 
and soil were still favorable to forest 
growth. The gazetteer of Ning-wu Pre- 
fecture of 1750 includes a record taken 
from a stone monument then preserved, 
dated in 1684, recording successful ef- 
fort in preventing the opening of certain 
mountains in the prefecture for the re- 
moval of trees, stated to be mostly birch, 
willow and others suitable for rafters, 
large size timber (pine) then being very 
searee. It also records tliat in the perifxl 
1573-1620 Provincial Governor Lii K’lin 
ordered that in all the mountain valleys 
along the border, trees should be planted 
as an obstacle to inroads of enemies on 
horseback, and prohibited cutting them 
down. But by 1750 only a few were said 
to remain. The advimce of cultivation 
upon the forest was observed and re- 
ported by the senior author in 1925.^* 
That the clearing of forest in this region 
was done mainly for the purpose of cul- 
tivating the soil was made clear by thou- 
sands of cubic feet of timb(»r that wert‘ 
left to rot beside the newly (*Ieared fields. 

Experiments were made to deteriniiu* 
the percentage of runoff, the amount of 
erosion, from duplicated plots in temple 
forests and in fields on adjacent slopes 
denuded by erosion. Results of these 
field experiments at three widely spaced 
centers are given in full elsewhere.'** Out 
of five storms measured at the Tung Chai 
study area, runoff occurred during only 
two storms from plots in a temple forest, 
avei’aging for all storms 0.013 per cent, 
of total rainfall,; whereas rnnolf occurred 
in all storms on plots in fields denuded 
by erosion, where the average was 2.27 
per eent., and the greatest runoff coeffi- 
cient for any one storm was 6.64 per cent. 
Immediate storm runoff was influenced 
by rate of rainfall, slope and character 
of the soil. This evidence readily ex- 

1* Loc, cti, 

Lowdermilk, W. C. Factors influenciug the 
Hurfuce runoff of rain watorH. Third Pan-Pacific 
Science Congress. Tokyo, 1920, pp. 2122-2148, 
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LOOKING UP TUK AGGKADKO VALIiKY OP THE T’AI-SHAN HO 

TO WKSTERN l*I.ATrOKM OF WU-T’AI gllAN. AW.VVIAL CONK IS FROM A TRIBI'TARY ON THE LEFT. 
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plained why cultivated slopes were yield- 
ing torrential storm runoff and were 
eroding into deep and destructive gullies 
during each rainy season, whereas no 
measurable erosion was taking place 
within temple forests, and storm runoff 
was very low and clear. 

In the Tung Chai region, fields that 
had been cultivated for from 3 to 9 years 
varying with slope were abandoned for 
cultivation and thereupon herds of sheep 
and goals were turned out on them. Re- 
turn of vegetation under heavy grazing 
was slow, and loft the land exposed to 
erosion each rainy season. 


We pass now to an area less than fifty 
miles to the east of Tung Chai, for which 
we made a study on the basis of unusu- 
ally full records in gazetteers.’^ 

The Sacred Mountain op 
Wu-t’ai Shan 

The region of Wu-t’ai Shan is very 
mountainous, with high rounded sum- 
mits and lower areas much dissected by 
erosion. The Ilu-t’o River flows on three 
sides of and with its affluents drains 
the Wu-t’ai massif. Another mountain 
ridge extends along the Great Wall to 
the north and northwest, with the nar- 



Jtalley WUlU 

VIEW FROM SUMMIT OF SOUTHERN PLATFORM OF WU T»AI SHAN. 


OKFORE.STEI) SLOPES COT WITH OULLIKS COMPHISK MOST OP THE I-AND SURPACE. 


The gazetteer of Ning-wu Prefecture 
already cited has a record dated in 1750 
of school and sacrificial lands that tells 
of decrease in ineorne from sloping lands 
that beeame wastes. The Supplement 
dated in 1857 records on the first page 
that the Sang-kau River changed its 
course and washed away a hill near the 
East Gate of the City of Ning-wu. 

Thus from observation and experi- 
ment, confirmed by a study of official 
records is revealed the process by which 
lands in this part of Shansi formerly 
covered with forest are cleared, culti- 
vated, grazed, lose their productiveness 
and become a source of torrential floods. 


row plain of the Ilu-t’o between. Rain- 
fall of the summer rainy season is pre- 
vailingly convectional, but there is also 
some winter snowfall on the mountains. 

Soils of the Wu-t’ai Shan region are 
similar to those of the Tung Chai area — 
being loesjsial on the lower flanks of the 
mountain and residual on the upper 
slopes and summits, chiefly from igneous 
rock. From Fig. 15 one may see how the 
loess occurs as drifts on the lower slopes. 
These soil drifts are generally sought out 
for farming, often terraced to save the 
Lowdormilk, W. C. and Wickes, D. R., His- 
tory of Soil Use in the Wu T'ai Shan Area, n 
monograph issued under the auspices of the N. C. 
Branch of the Royal Asiatic Soc., 1938. 
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soil from erosion. Residual soils being 
thinner and containing rock fragments 
are not suited to terracing. Clearing 
and cultivation induces erosion that soon 
washes off fine soil and leaves an erosion 
pavement at the surface. Abandonment 
follows after a few .years of cultivation. 
Accelerated runoff from eroded upper 
slopes has cut down through drifts of 
loessial soil and has washed much of it 
away, except where safeguarded by 
bench terracing. 


exception of the highest summits. The 
region was sparsely settled in the first 
century of the Christian era ; it became a 
favorite retreat for those seeking retire- 
ment from the world. Numerous monas- 
teries were founded in the seclusion of 
these mountains in which monks sup- 
ported themselves by farming. Settlers 
besides the monks followed and also 
(deared land for cultivation, as stated by 
a contemporary writer about the year 
A.D. 1087.“* In the early part of the 



Jtailpf/ WUUa 


A (JRAPHTC PICTVHK OF THE EFFECTH OR EROSION 

AS A RESULT OP DEFORESTATION AND CULTIVATION, HIGH ON THE NORTHWEST SLOPE OP WU T'AI 
SHAN. SOIL HAS BEEN WASHED OFF TO BARE ROCK IN THE FORKOROCND. 


Records of this area are preserved in 
tlirei* gazetteers of the mountain region, 
which covers about 800 square miles or 
about 500,000 acres. Likewise records 
exist for two districts and the depart- 
ment in which the mountain of “five plat- 
forms’’ lies. These gazetteers date from 
A.D. 1596, 1701, 1777,* 1785, 1786, 1836, 
1881, 1882, and contain much informa- 
tion bearing on our subject.^^ 

From these records we learn that dense 
high forests once (»overed the entire re- 
gion of the mountain massif including 
adjoining ranges, on an area estimated 
at 3, (XX) square miles, with the probable 


Ming Dynasty, whic.h lasted from 1368 
to 1644, we are assured that the old for- 
ested condition still prevailed. By the 
year 1580, about 200 years later, much of 
this forest had been cut and sold foi* 
profit from timber. An official, Hu Lai- 
kung, visiting tlie mountain in that year 
was struck with the desolation he saw. 
As a result he had a special report made 
to the Throne, that led to a prohibition 
b.v the Emperor of cutting timber in 
these mountains. The text of this report 
has been preserved to us in gazetteers of 

1** Chang 8hang*ying, who was at Wu-t^ii in 
that year. Id. p. 3. 



TERBA(!ES MADE IN DRIFTS OF LOESS 

KOR BBTAININO SOIL ON 8L0W.8 OF MOUNTAINS WHICH ARE BARE OP POREBT, EIGHT MILKS SOUTH- 
EAST OP WU-T’Al HSIEN. BY 8UCII TERRACING THE LOESS, WHICH ALONE IS CULTIVATED, IS PRO- 
TECTED PROM EROSION. 
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PINES PRESERVED NEAR A MONASTERY 

IN THE WU-T 'AI SHAN AEEA NEAR THE CLEAR WATER RIVER, ABOUT TEN MILES EAST OP THE SOUTHERN PLATFORM. 
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the mountain. The chief argument pre- 
sented for prohibition of cutting and for 
preservation of the forest is that this for- 
est was important for defense against in- 
vasions of nomads from the north. This 
special report of 1580 to the Throne pre- 
sented by the Censor Kao Wen-chien 
states : 

In Shansi the border between China and the 
land of the barbarians is a mountain range. 
Fortunately, the forests between Poi-lou and 
Ning-wu are flourishing and thick, serving as a 
fortification for defense, and the mountain of 
Wu-t^ni with its numerous ridges and dense for* 


driving out of unregistered wood cutters 
from neighboring districts, patrol of the 
forests day and night by monks and of- 
ficials with archers to support them, 
arrest and speedy trial of offenders. No 
timber old or newly cut was allowed to 
be sold, the local official to be held re- 
sponsible for any log reaching a river or 
stream. ‘‘Thus,’' the report concludes, 
“with everyone doing his duty, the na- 
tional frontier will be safeguarded for- 
ever.” 

Recommendations of the special report 



Bailey Willia 

BAKED AND FORMEKLY CULTIVATED MOUNTAIN SLOPES 

IN THE PROCESS OF DISSECTION INTO GULLIES, WU-t'M SHAN AREA. 


eats was relied on as an inner barrier. The 
fathers handed down the tradition which says 
that the trees of the two mountain ranges for- 
merly met in green obscurity for a thousand li 
(330 miles) and oven if the horses of the north- 
ern barbarians broke through, they could not 
proceed at a gallop.^^ 

Methods recommended and then or- 
dered to be carried out for the protection 
of forest on Wu-t’ai Shan included the 

i»Lowdermilk and Wickes, History of Soil 
Use in the Wu T 'ai Shan Area, p. 7, 1938. The 
idea of forests aiding defense was put forward 
by Oh Hu Chun, a Grand Secretary, in a work 
presented to the emperor in 1488. Ta-hsueh 
yen-i pu, ch. 160, 3a f. 


were approved by the Emperor, the 
Board of War taking cognizance, and the 
proposals were authorized to be carried 
out. It is recorded that the cutting and 
logging were stopped. Not only so, but 
the official gazetteer of 1786 contains the 
statement that from the time of this pro- 
hibition of felling (about 1580) new 
growth gradually came back, as was to 
be expected if the ground was not culti- 
vated. Other passages in the gazetteers 
referring to forest growth confirm this 
statement. 

It seems clear that forests covered 
the area from which timber cutters had 
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DEFORESTED AND GULLIED SLOPES OF A CANYON 

ON THK NORTH SLOPE OF WU T'AI SHAN. TERRACES FOR CULTIVATION CAN BE SEEN HIGH ON THE 
SLOPES AT THE LEFT AND IN THE MIDDLE DISTANCE. 
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been expelled by imperial order. At the 
time of the first general deforestation 
the evidence favors the view that no gen- 
eral cultivation of soils took place. The 
official report refers to timber cutters as 
I^eople without root (in the soil) who do 
not follow agriculture. And the refer- 
erences to the return of forests make it 
improbable that serious soil erosion had 
taken place at that period. However, 
from the year 1657, only seventy-seven 
years following the prohibition of cut- 
ting, we begin to find in the gazetteers 
reports of colonists of this region being 
encouraged to bring new land under cul- 
tivation and of additions to the culti- 
vated area in Tai Department (including 
Fan-chih, Kuo, and Wu-t’ai Districts) of 
which these mountains occupied a con- 
siderable part. This increase of cultiva- 
tion at the higher elevations in the moun- 
tains occurs probably after introductions 
of New World crops of Irish potatoes 
and maize adai)ted to higher altitudes 
than former Chinese crops.^'^ The official 
gazetteer of Wu-t’ai Shan ])resented to 
the Emperor Ch’ien-lung in 1786, along 
witli the statement that the mountain for 
a hundred years had been well wooded 
and gn»en as of old, also reports progress 
of cultivation, stating that cultivating 
and planting were daily opening up 
more land. The gazetteer of the depart- 
ment for 1785 confirms wide extension 
of cultivation in Wu-t’ai. Between 1656 
and 1759 records indicate the cultivation 
of a total of at least 8,560 acres pre- 
viously uncultivated in the two districts 
which include Wu-t’ai Shan. 

20l)«vid, A., Journal <le mon troiait-mc Voy* 
Jigo (1 ’exploration dans IVmpirc Chinois. Vol. 
1, pp. 181, 188. 1875. 

Maize, known in (?hina before ir)70, was re 
ported much grown in 81mnsi before 1643. li. 
Laufer, Congrds Intern, des Am^ricanistes, XV. 
Quebec, 1907, pp. 238 f., 251. Potatoes were n 
later introduction, apparently by 1700, and their 
planting received imperiul encouragement in 
1752. B. Laufer, The American Plant Migra- 
tion, Part T, i>p. 71 f. 1938. 


That destructive erosion followed the 
cultivation of slopes is shown by records 
of s(diool lands in the gazetteer of Wu- 
t’ai District for 1777. It notes that cer- 
tain school fields of the District being 
mountain fields are changed to waste; 
formerly over thirty ch’ing,^' they now 
are only something over two ch’ing”; 
and not far away 35.5 ch’ing of school 
fields, including a strip of lofty pine, are 
reported as ‘‘now abandoned.” 



Halley WIIUh 
DENUDKD 8LOPE8 

ON THE NORTHERN SIDE OF WC-T’AI SHAN. 


Population figures for these districts 
also indicate a great increase in the num- 
ber of people supported, presumably for 
the most part by agriculture. For the 
northern district, the population re- 
ported for the Ch’ien-lnng period two 
centuries later (1736-1795) is more than 
fifteen times that in Chia-ehing time 
(1553), the increase being 73,000. In 
the southern district the increase over 

21 A ch’ing is 100 mou, or 15.13 acres; 30 
ch’ing are about 454 acres. 
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TREES PRESERVET) BY A VTLLAdE AND ITS STIRJNE 

WITH DKNtlDED MOrNTAINS AND Ol’I.I.lES IN LOKSS NKAH UY, IN TIIK Wir>T*AI SHAN AKKA. THR 
liOESS ON THE LOWER SLOPES HAS SEEN TERRACED FOR CULTIVATION; IT HAS PROHAHLY BEEN 
WASHED OFF FROM THE STEEPER SLOPES. 


about 400 years, from Minj? Hunjx-wu 
time (a.d. 1368-1398) to the reijju of 
ChMen-luns (1736-1795) is 77,424, mak- 
the total population reported five 
times as larj 2 :e as before. Even allowinj? 
for inaceuraeies in reportinfr, it .seems 
clear that a notable increase in jiopula- 
tion took place in the Wu-t’ai Shan area 
following!: this period of clearinfj and cul- 
tivation. Some people probably worked 
at coal mines, quarries, and lime kilns, 
which are reported in the {gazetteers, and 
some doubtle.ss were wood-cutters and 
charcoal burners. 

To the de.struction of forests was 
added the cultivation of larpfe areas of 
sloping lands. A later prohibition of the 
cuttinj? of mountain timber decreed in 
1683 on the occasion of a visit to the 
Wu-t’ai Shan by the Emperor K’an^-hsi 
seems not to have prevented the con- 
tinued elearinji: of land for cultivation. 
And by the year 1904 Bailey Willis of 
the U. S. Gcologfical Survey on visiting 
the Sacred Mountain, recorded^® that the 

22 Willis, Bailey, ct al. Research in China, 
1907, Vol. I, p. 209. 


forests had been completely destroyed, 
as E. Licent also reported“^ in 1914. A 
few monasteries still preserved groves 
about them, and under the summits scat- 
tered pine trees still grew on the slopes. 
Horse dung was burned for heating in 
all the region for w^ant of fuel wood. 
Crops of potatoes, an introduction from 
the We.stern Hemisphere, and hemp were 
raised. High summits bore cultivated 
fields on their slopes. By this time slopes 
and ravine bottoms of the massif of Wu- 
t’ai were ab.solutely denuded by wood 
cutters and herders. Southwest of the 
Wu-t’ai massif, between it and the city 
of Wu-t’ai Ilsien, he reiiorted the me- 
dium heights entirely denuded, and 
.southwest of the city he again .speaks of 
black, denuded mountains.^^ 

Both Willis and Licent tell of great 
alluvial cones of shingle, gravel and clay, 
the wash of rock and residual soil on the 
mountain slopes, such as the Senior au- 

23 Licent, E. Comptes Rendus de Dix Ann^»es 
(1914-1923) de S^jour ot d ’Exploration dans le 
Bassin du Fleuve Jauno . . . 1924, pp. 1466, 
1467, 1461. 
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ERODED IiOER8 AND DEPOSITED DETRITUS 


AT THE JH)OT OF lUKiC MOUNTAINS, EIGHTEEN MILES NORTHEAST OP WU-T^AI HSIEN AND FIVE AIILES 
WEST OP THE SOUTHERN I*LATFORM. DRIFTS OF LOESS HAVE PERSISTED ON THE OEN^PLER ST4OPE.S 
OF THE MOUN'rAINS; IT HAS IWIIBTLESS BEEN AVASHKI) OFF STEEPER SLOPES. 


tlior also nvordod in the Tniijr Cdiai ami 
just to the West. Emil S. Fischer, who 
visited the moniitains in lf)23 re])orted,^* 
besides tlie jjfeneral bareness of trees, ex- 
tensive "razinjr over tlie monnlain rang:e, 
“lierds ol' sheep, Jiorses, cattle and floats 
at times ov(»r 500 heads strong, jyrazinj; on 
the slopes’’; also ‘‘numerous camel hei’ds 
jrrazinp: as well as hundreds of liorses.” 
At one place he reports that “the men 
were to be seen toilinjj: on the mountain 
sides wlierever there was a spot that per- 
mitted cultivation.” Cutting of forests 
followed by erosion of cultivated fields 
had denuded the Sacred Mountain of 
Wu-t ’ai shall. 

Records oe Floods from 
Ancient Times 

As early as the 4th year of T ’aiding, 
ill A.D. 1327 (the Yuan Dynasty) we find 
a record of dostnietive floods in the Hu- 
t’o River, which carries mo.st of the 

24 Fischer, E. S., Jour, of tho N. China Branch 
of tho Royal Asiatic Hoc. Vol. 54 (1923) pp. 
81-113. 


drainage from Wu-t’ai Shan, flowing 
around the mountain group on three 
sides and eastward into Hopei Provin(*o, 
and at Hsiiui Hsien unites witli the 
Chin-yang River to form the Tzn-ya 
River, a tributary of the Hai Ho that 
flows by Tientsin. In the period from 
A.D. 105(> to 1063 ((3iia-yu lisi-ning 
time of the Sung Dynasty) a western 
tributary of the Hn-t’o, the Yang-wn 
River, is slated in the local gazetteer to 
have frequently ruined cultivated land 
along its banks by its floods, so that some 
laud was abandoned. 

In a later period it is recorded in tlie 
gazettem’ of Fan-ehih District, which in- 
cludes the northern part of Wu-t’ai Slum 
(1836), “mountain streams often over- 
flow, quickly swell and quickly dry ui)”; 
and of irrigation canals of the Hu-t’o 
River the same gazetteer says; “The 
water of this river is rapid from its 
source to where it leaves the district; 
and Avheii the fierce overflow of mountain 
streams occurs, it no sooner swells than 
it dries up.” A torrential regime of 
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floodiriji: aiul up is ijidicated in 

other statements of the same {jazetteer. 
This river also rej)eatedl.v ehaii<?ed its 
(»oiirse, owinj^ to de))osits of erosion 
debris in its ehannel, as did its tribu- 
taries. Irrijration was tlius made pre- 
eai’ious, and jrreat damaj^e was done to 
affrieultural land and settlements. 


Ijand is Ruined and Ahandoned 
Ajrain and afrain from a.d. 1647 on, we 
find reeords of the acu’eajre of lands ex- 
empted from taxation as waste or aban- 
doned ; of these some are doubtless due to 
losses of soil by erosion and some to ruin 
by the overflow of streams. In the 4th 
year of Shun-ehih (1647) an edict ex- 
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empted 5,180 acres (343 eh^inj;) of 
ownerless deserted land. In 1657 an- 
other edict exempted a total of 34,870 
acres of deserted land of the Pan-chih 
district, of which 13,186 acres were ajrri- 
ciiltural laud of civilians. Abandoned 
land was characterized as ‘‘injured and 
perished ‘20,877 acre's were tleserted 
land of military colonists. In Wn-t’ai 
District in 1657, 16,806 acre's of injured 
anel destroye^el waste land of civilian 
owners were exempted by edict. Rennain- 
injr lanel actually cultivate'el was e)nly 22,- 
800 acres (1,507.5 ch’inj;, e>f which 4.5 
e'h^inj; are listeel as water lanel, 316.6 
as level lanel, 870.7 as sle)pe land, and 
306.6 as sanely lanel). In 1652 there 
were exempted 358 acres of de'serteel 
land of military coleinists. In Tai De- 
partment-* adje)ininji: Pan-ehih District 
e)n the west, it is ree*e)rded tliat at va- 
rious time's fre)m 1785 (50th year e)f 
Ch’ie'n-lunj*:) to 1870 (5th year e)f Kuanjr- 
hsu) there were reme)ved from the tax 
list deserteel agricultural lands of civil- 
ians and ce)lonists te) the amount of about 
15,465 acres, nearly one sixth of the total 
taxable land. In 1880 land in the ne'ij»h- 
be)rhood of She'-yinj*:, lonjr desented on 
ae*eoiiJ]t of a flooel in 1785 which de- 
posited stone's and dee']) sanel upon it or 
washed it away, to the total of about 
1,180 acres was ])ermane'ntly re'le'ase'd 
from taxation. In Keio District, on the 
we'st side of Wu-t^ii Shan, in 1787, 1803, 
and 1880 a total of about 2,236 acres 
founel by investijration to have bea'ii swal- 
loweel uj) by the river, ruined by ere>siun, 
or covered with stones, were I'xempted 
by edict from taxation. 

Thus a lar»re' mountainous area for- 
merly forested, despite repeated and for 

25 Exe?! naive' of Wiit’ai, Fnn-eliih anel Kuo 
DLstrie'ig. 


a time apparently successful efforts to 
conserve foi'ests, was cleared of timber 
and larj>:ely cultivate'd, Avitli consequent 
destructive erosion. Abandonment of 
lajid fe)r cultivation totaled nearly 75,000 
ae*res;“'^ violent and destrindive floods 
and chanjjres in their cour.scs on the' part 
of drainafife streams also followed. 

The Districts of Hun-yuan and Lin^- 
clPiu adjoin this area on the northeast, 
and their records reveal similar condi- 
tions. One frazetteer dated in 1652 states 
that a maj;:istrate in the period of Ch ^'nJ^- 
hna, 1465-1487, secured the relaxinj; of a 
former prohibition of cutting: or f»:athcr- 
injr firewood on Henj^ Shan Mountain, 
soutli of the city of Hun-yuan, that re- 
vivals an early meastire for protection of 
forests. Toward the north and we.st of 
the.se districts extended Ta-t’un^ and 
So-p’in*r Prefi'ctures, whicdi have records 
of former forests with remnants on 
mountains, of extensive colonization, of 
the abandonment of larijre quantities of 
land formerly cultivated, and of tor- 
rential floods and shifts in stream 
courses. 

A supplementary jrazetteer issued in 
1881, in a record of the virtuo\is jxovern- 
ment of Yen Ch^injr-Yun the magistrate 
of Ilun-yuan De])artment in 1771-1782, 
tells of his introducing: potatoes (Irish) 
from Shensi, his native province, and of 
extensivt' plant inf>:s with jjreat success in 
keeping j?reat numbers of people alive 
diiriii" famines of 1787, 1832 and 1836. 
drowiri]^ of potatoes and maize may have 
been the occasion for cultivating so much 
of the fore.sted soils of the higher slopes 
that induced destructive erosion and tor- 
rential debris-laden storm runotf. 

2« Lowderinilk and Wiekes, Ilistoi.) of Soil 
ITho in Wii T’lii Shan Area, p. 23. 

(70 he Concluded) 
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It is 120 years since, in a small village 
on the northern border of what was 
called Austria at that time, a boy was 
born in a farmer’s house who was des- 
lincd to influence human thoughts and 
science, (rennans, Czechs and Poles had 
been settled side by side in this part of 
the country, (inarreling sometimes, but 
mixing? their blood continually. Durinjr 
the Middle A^es the Mongol ic Tatars 
invaded Europe just there. Thus, the 
place had been a melting pot of nations 
and races and, like America, had brought 
up finally a splendid alloy. The father’s 
name was Anton Mendel; the boy Avas 
christened Johann. He gr(*w u]) like 
other farmers’ boys; he liked to help his 
father with his fruit trees and bees and 
ndaiiuMl from these early experiem^es his 
fondness for gardening and bee-keeping 
until his last years. Since his parents, 
although not poor compared with th(3 
neighbors, had no rupiid resources, the 
young and gifted boy had to fight his 
way tlirough high school and junior col- 
lege (Gymnasium). Finally he came to 
the conclusion, as he wrote in his auto- 
biography, “That it had become impossi- 
ble for him to continue such strenuous 
exertions. It was incumbent on him to 
enter a profession in which he would be 
spared perpetual anxiety about a means 
of livelihood. His private circumstances 
determined his choice of profession.” 
So he entered as a novice the rich and 
beautiful monastery of the Augustinians 
of Bruenn in 1843 and assumed the mo- 
nastic name of Gregor. Here he found 
the necessary means, leisure and good 
company. Here during the period from 
1843 to 1865 he grew to become the great 
investigator whose name is known to 
every schoolboy to-day. 


On a clear cold evening in February, 
1865, several men were walking through 
the streets of Bruenn towards the mod- 
ern school, a big building still new. One 
of those men, stocky and rather corpu- 
lent, friendly of countenance, with a 
high forehead and piercing blue eyes, 
wearing a tall hat, a long black coat and 
trousers lucked iji top boots, was carry- 
ing a iiianuscrij)t under his arm. This 
was Pater Grc»gor Mendel, a professor at 
the modern school, and with his friends 
he was going to a meeting of the Society 
of Natural Sei(*uce where he was to read 
a paper on “Experiments in Plant Hy- 
bridization.” In the schoolroom, where 
th(‘ m(*eting was to be held, about forty 
persons had gathered, many of them able 
or even outstanding scientists. For 
about one hour Mendel j*ead from Jus 
manuscript an account of the results of 
his experiments in hybridizatioji of the 
edible pea, which had occupied him dur- 
ing the preeeding eight years. 

Mendel’s predecessors failed in their 
experiments on heredity because they 
directed their attention to the behavior 
of the type of the species or races as a 
whole, instead of contenting themselves 
with one or two clear-cut characters. 
The new thing about Mendel’s method 
Avas that he liad confined himself to 
studying the effects of hybridization 
upon single particular characters, and 
that he djdn’t take, as his predecessors 
had done, only a summary view upon a 
whole generation of hybrids, but exam- 
ined each individual plant separately. 

The experiments, the laws derived 
from these experiments, and the splendid 
explanation given to them by Mendel are 
to-day not only the base of the modern 
science of genetics, but belong to the 
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ruiulaineiitals of biology taujrhi to mil- 
Jions of students in all parls of the world. 

Mendel had been siiiee 1843 one of the 
brethren of the beautiful and wealthy 
monastery of tlic Aujrustinians of 
Bruenn, at that time in Austria, later in 
(V.e<dioslovakia. His profession left him 
sufBeient time, and the larjre g:arden of 
the monastery provided space enouf?h, 
for his plant hybridizations. During the 
eijrht years from 1856 to 1864, he ob- 
served with a rare patience and perse- 
verance more than 10,000 specimens. 

1 1 am indebted to Professor William Luther 
McDermott for the photographs in this article. 


In hybridization the pollen from the 
male plant is dusted on the pistils of the 
female plant tliroug:h which it fertilizes 
the ovules. Both the pollen and the 
ovules in tlie pistils carry hereditary char- 
acters which may be alike in the two par- 
ents or partly or entirely different. The 
peas used by Mendel for hybridization 
differed in the simplest case only by one 
character or, better still, by a pair of 
characters ; for instance, by the color of 
the flowers, which was red on one paren- 
tal plant and white on the other; or by 
the shape of the seeds, which were 
smooth in one case and wrinkled in the 
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other ; or by the color of the cotyledons, 
which were yellow in one pea and ^reen 
in the other, etc. Menders experiments 
show in all cases the result that all indi- 
viduals of the first generation of hybrids, 
the generation as it is called to-day, 
are uniform in appearance, and that 
moreover only one of the two parental 
characters, the stronger or the dominant 
one, is shown. That means, for instance, 
that the red color of the flowers, the 
smooth shape of the seeds or the yellow' 
color of the cotyledons is in evidence 
while the other, or recessive, character 
seems to have disappeared. From the 
behavior of the hybrids of the Fi genera- 
tion, Mendel derived the first of the ex- 
perimental laws, the so-called “Law of 
Uniformity,'^ w'hich is that all individ- 
uals of the first hybrid generation are 
equal or uniform. The special kind of 
inheritance shown by the prevalence of 
the dominant characters in the first 
hybrid generation is called alternative 
inheritance or the pea type of inheri- 
tance. In other instances, however, the 
hybrids show a mixture of the parental 
characteristics. Thus, crossing betw'een 
a red-flowered and a wdiite-flow^ered four 
o'clock (Mirabilis) gives a pink-flowered 
Pi generation. This type of inheritance 
is called the intermediate, or Mirabilis, 
type of inheritance. 

Now, Mendel self -fertilized the hybrids 


of the first generation, dusting the pistils 
of the flow'ers with their own pollen and 
obtain(*d thus the second, or F2, genera- 
tion of hybrids. In this generation the 
recessive characters, which had seem- 
ingly disappeared, but, which were really 
only covered in the Fi generation, reap- 
peared again and in a characteristic and 
constant proportion. Among the F^ hy- 
brids he found three red-flowered plants 
and one white-flowered plant, or three* 
smooth-seeded and one-wrinkled-seeded 
plant, or three plants with yellow coty- 
ledons and one with green ones. In gen- 
eral, the hybrids of the P2 generation 
showed a ratio of three dominant to one 
recessive plants. Mendel derived from 
the behavior of the P^ generation his 
second experimental law, the so-called 
“Law of Segregation." Of course, the 
characteristic ratio of three dominant to 
one re(;essivc may be expected only if the 
numbers of individuals are lai’ge, the 
Memlclian laws being so-called statistical 
laws or laws valid for large numbers 
only. 

The third important experimental law 
Mendel discovered by crossing two 
plants which distinguished themselves 
not only by one but by two or more pairs 
of hereditary characters. He crossed, 
for instance, a pea plant with smooth and 
yellow seeds with another having green 
and wrinkled seeds. The first, or Fi, 
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jafeneration of hybrids was of course uni- 
form, showiuf? both smooth and yellow 
seeds, the dominant characters. hy- 
brids were then siOf-fertiliml and the 
second hybrid, or Fo, p:enerafion was 
yielded in hirp:e number.s, showing all 
possible combinations of the parental 
characters in characteristic ratios and 
that there were nine smooth yellow' to 
three smooth ^reen to three wrinkled 
ycdlow' to one wa*inkled jrreeii. From 
these so-ca 1 led poly hybrid crossings, 
Mendel derived the third and last of his 
exj)erimental laws, the “La\v of Inde- 
pendent Assortment. 

These experiments and observations 
Mendel reviewed in his lecture. Men- 
del’s hearers, who were personally at- 
tached to the lecturer as well as aj>preei- 
atiuf? him for his orij^inal observations in 
various fields of natural science, listened 
with respect but also wutli astonishment 
to his account of the inviiriable numeri- 
cal ratios amonj? the hybrids, unheard of 
in those days. Mendel concluded his 
first lecture and aiiriotinced a second one 
at the next month’s meetin^: and 


promised he would give them the theory 
he had elaborated in order to explain the 
behavior of the liybrids. 

There was a goodly audience, once 
more, at the next month’s meeting. It 
must be admitted, however, that the 
attention of most of the hearers was in- 
clined to w'ander when the lecturer be- 
came engaged in a rather difficult alge- 
braical deduction. And probably not a 
soul among the audience really under- 
stood what Mendel was driving at. His 
main idea W'as that the living individual 
might b(^ regarded as compo.sed of dis- 
tinct h(‘reditary characters, which are 
transmitted by distimd. invisible heredi- 
tary factors — to-day w’e call them genes. 
In the hybrid the different parental 
genes are combined. Rut when the sex 
cells of the hybrids are formed the tw'o 
parental geiu's separate again, remain- 
ing quite unchanged and pure, eacdi sex 
cell containing only one of the two g(*nes 
of one pair. We call this fundamental 
theoretical law the “Law' of the Purity 
of the Gametes.” Through combination 
of tlu* clifferent kinds of sex cells, wiiich 
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arc produeod by the hybrid, the law of 
segrof?ation and the law of independent 
assortment can be easily explained. 

Just as the chemist thinks of the most 
complicated compound as bein«: built 
from a relatively small number of invari- 
able atoms, so Mendel rop:arded the spe- 
cies as a mosaic of gjenes, the atoms of 
living orf^anisms. It was no more nor 
les.s than an atomistic theory of the 
organic world which was developed be- 
fore the astonished audience. The min- 
utes of the meeting inform us that there 
were neither questions nor discussions. 
The audience dispersed and ceased to 
think about the matter — ^Mendel was dis- 
appointed but not discouraged. In all 
his modesty he knew that by his discov- 
eries a new way into the unknown realm 
of science had been opened. **My time 
will come,” he said to his friend Niessl. 

Mendel’s paper was published in the 
proceedings of the society for 1866. 
Mendel sent the separate prints to Carl 


Nacgcli in Munich, one of the outstand- 
ing biologists of those days, who occupied 
himself with experiments on plant hy- 
bridization. A correspondence devel- 
oped and letters and views were ex- 
changed between the two men. But even 
Naegeli didn^t apreciate the importance 
of Mendel's discovery. In not one of his 
books or papers dealing with heredity 
did he even mention Menders name. So, 
the man and the work wTre forgotten. 

When Mendel died in 1884, hundreds 
of mourners, his pupils, who remembered 
their beloved teacher, and the poor, to 
whom he had been always kind, attended 
the funeral. BUt although hundreds 
realized that they had lost a good friend, 
and other hundreds attended the funeral 
of a high dignitary, not a single one of 
those present recognized that a great 
scientist and investigator had passed 
away. 

The story of the rediscovery and the 
sudden resurrection of Mendel’s work is 
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a one. By a peculiar, but by 

no means an accidental, coincidence 
three investigators in three different 
places in Europe, DeVries in Amster- 
dam, Correns in Germany, Tschermak in 
Vienna, came almost at the same time 
across Mendel paper and recognized at 
once its great importance. 

Now the time had arrived for under- 
standing, now “his time had come” and 
to an extent far beyond anything of 
which Mendel had dreamed. The little 
essay, published in the great volume of 
the Bruenn Society, has given stimulus 
to all branches of biology. The progress 
of research since the beginning of the 
century has built for Mendel a monu- 
ment more durable and more imposing 
tluui any monument of marble, because 
not only has “Men<lelism“ become the 


name of a whole vast province of investi- 
gation, but all living creatures which 
follow “Mendelian’’ laws in the heredi- 
tary transmission of their characters are 
said to “Mendelize.^^ 

As illustrations, I will explain the 
practical consequences of Mendelian re- 
search by two examples only. The 
Swede, Nilsson-Ehle, was one of the first 
investigators who tried to use Mendel- 
istic methods to improve agricultural 
plants. In the cold climate of Sweden 
some wheat varieties, like the English 
scpiare-hood wheat, were yielding well 
but were frozen easily. Other varieties, 
like the Swedish country wheat, were 
winter-hard but brought only a x>oor 
harvest. Nilsson-Ehle knew that in ac- 
(‘ordance with the Mendelian law of inde- 
pendent assortment, the breeder is able 
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to combine the desired characters of two 
diffennit parents, like the chemist who 
combines the atoms to form various mole- 
(*uJes or (jompounds. He crossed the 
late-ripeninjr, well-yielding, square-hood 
wheat with the early-ripening, winter- 
hard, but f)oor-yielding Swedish country 
wheat. The resulting Ft generation, 
however, was very discouraging. It was 


pendent assortment of all characters will 
appear only in the F2 generation. Self- 
fertilizing the Pi plants he obtained an 
Fy generation showing the ratio of nine 
late-ripe poor-yielding to three late-ripe 
well-yielding, to three early-ripe poor- 
yielding, to one early-ripe, well-yielding 
wheat plants. The desired combination 
of the two recessive characters, early- 
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uniform, in accordance with MendePs 
first law, all individuals being late-ripe 
and poor-yielding, thus jeonibining the 
two undesirable dominant characters. 
In pre-Mendelian times the breeder 
would have been discoiiraged and proba- 
bly w'ould have discontinued his efforts. 
Not so Nilsson-Ehle, who knew that the 
Pi generation is hybrid, showing only 
the dominant traits, and that the inde- 


ripe, well-yielding, appeared only in the 
smallest ratio, one in sixteen — but be- 
cause recessives are always true-breed- 
ing, or as it is called ^ * homozygote, ” 
Nilsson-Ehle had only to isolate these 
plants and to destroy all others in order 
to obtain a new true breeding early-ripe 
and well-yielding variety which after a 
few years gave a crop large enough to be 
sold. Thus, by the work of the Mendel- 
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ist, NilK8on-Ehle, culture of wheat was 
made possible even in the northern parts 
of Sweden and large amounts heretofore 
spent for imported wheat could be saved. 

Another instance show’s the impor- 
tance of Mendel ism for the understand- 
ing of human inheritance. Very soon 
after the rediscovery of Menders paper 
it became evident that the laws found by 
Mendel with liis peas are valid also for 
animals and for human beings. Of 
c()ui*se, the study of the laws of luiman 
heredity is limited and rendered more 
difficult by several obstacles. We can’t 
make experiments w’ith human beings. 
Tlie law’s of Mendel are statistical law's 
based upon large numbers of olfspring, 
w’hile tlie nuinlx^r of children in human 
families is generally small. But in spite 
of these difficulties it was found very 
soon that human (*haracters are inherited 
in the same manner as the characters of 
the p(*a. Wc know’, for instance, that the 
dark color of the iris of the eye is domi- 
nant, the light blue color recessive. I 
remember a tragi-comic accident con- 
nected with this fact. At one of my 
lecture tours in a small tow’ii in (Czecho- 
slovakia, 1 spoke about the heredity of 
eye color in men and concluded that, 
w’hile two dark-eyed parents may be hy- 
brids in regard to eye color and thus may 
have children both Avith dark and blue 
eyes, the (diaracter blue-eyed, being re- 
cessive, is always pure. Hence tAvo blue- 
eyed parents Avill have only blue-eyed 
eliildren. A feAV months later 1 learned 
that a divorce had taken place in that 
small town. I w'as surprised and re- 
solv’ed to be veiy careful even with scien- 
tifically proved statements in the future. 

Even more important is the Mendelian 
analysis of hereditary diseases. If we 
learn that the predisposition to a certain 
disease is inherited through a dominant 
gene, as diabetes, for instance, then Ave 
kuoAV that all persons carrying the gene 
Avill be sick. In this case all carriers can 
be easily re(‘ogjnzed. In the case of re- 
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ces.sive diseases, feeblemindedness, for 
instance, avc know that the rec(*ssive gene 
may be covered by the dominant gene 
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for health and that the person, seemingly 
healthy, may carry the disease and trans- 
mit it to his children. 

With every year the influence of Men- 
dePs modest work became more wide- 
spread. The theoretical explanation 
given by Mendel was based upon the 
hypothesis of a mechanism for the distri- 
bution and combination of the genes. 
To-day we know that exactly such a 
mechanism, as was seen by the prophetic 
eye of Mendel, exists in the chromosome 



fruit-fly, Drosophila, was found to be the 
best object for genetical research. The 
parallelism between the behavior of the 
chromosomes and the mechanism of Men- 
delian inheritance was studied by hun- 
dreds of scientists, who were trying to 
determine even the location of the differ- 
ent genes within the different chromo- 
somes and who started to devise so-called 
chromosome maps. 

Correns, Baur and Goldschmidt in Ger- 
many; Bateson and his school in En- 
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IN THIS small riX)T, ONLY ABOUT ONE HU NDBED-AND-'TW'ENTY FEET LONG AND TWENTY FEET WIDE, 
MENDEL CONDUCTED HIS EXPERIMENTS ON PLANT GENETICS, USUALLY WORKING WITH PEA PLANTS. 


apparatus of the nucleus of the cells. 
The development of research on chromo- 
somes, from the observations of the 
chromosomes and their distribution by 
mitosis to the discovery of the reduction 
of the number of chromosomes in build- 
ing the sex cells and finally to the auda- 
cious attempt to locate the single genes 
within the chromosomes, is all a story, 
exciting as a novel and at the same time 
one of the most grandiose chapters in the 
history of science. A tiny animal, the 


gland ; DeVries in Holland ; Nilsson-Ehle 
in Sweden, are the outstanding geneti- 
cists of the firj^^, decade after 1900. But 
soon the picture changed. The Carnegie 
Institution for Genetic Research in Long 
Island, under the leadership of Daven- 
port and later under Blakeslee, became 
one of the world’s centers of genetic re- 
search. In 1910, T. H. Morgan, then at 
Columbia University, later at the Cali- 
fornia Institute of Technology, started 
his investigations with the fruit-fly, Dro- 
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sophila, and founded the largest and 
most active school of geneticists. The 
U. S. Department of Agriculture with 
its network of experimental stations con- 
nected with more than a hundred agri- 
cultural colleges became the most ad- 
mirable organization for breeding of 
better crops and farm animals based 
upon the principles of Mendelism. The 
ideas developed by Mendel have found 
a new home here in the new world. 

From 1905 to 3910, I tried by lectures 
and by articles to renew the memory of 
Mendel in my honn* country and to 


SCIENCE 

Tt is usually aasuniod that luodorn scieiu'c, 
which produced lonjj-raugo artillery and the 
bursting bomb, flame thnnvors and [loison gas, 
tanks and, above all, the airplane, has made war 
more horrible than it was in the past. In a sense 
it has. There is no doubt that the impact of 
mechanized warfare on the individual soldier 
psychology is far mon! terrifying and requires 
greater moral and physical stamina to with- 
stand than ever before. And tlm airplane, which 
has wiped out distances, has carried the war 
right to the liomc front, and slaughters not only 
soldiers but also women, and children, and the 
aged. 

And yet, in the words of Major General Vaii- 
degrift, w’ho speaks from his experience as com- 
mander of our Marinos on Guadalcanal, modern 
science has also made w’ar more humane. For 
the quick death suffered by those killed in battle 
or in air raids is not the worst of war *s horrors. 
Far more terrible even than death in the wars 
of the past was the agony of the wounded left 
to die, and the usual accompaniment of war — 
famine and disease, which struck behind the 


explain the importance of Mendelism to 
the people. This was not always an easy 
task. Once I happened to be standing 
beside two old citizens of Bruenn, who 
were chatting before a picture of Mendel 
in a book-seller window. “Who is that 
chap, Mendel, they are always talking 
about now 1 ’ ’ asked one of them. * ‘ Don ’t 
you know?'’ replied the second. “It's 
the fellow who left the town of Bruenn 
an inheritance!'' In the brain of the 
worthy man the term “heredity" had no 
nu^aning, but he understood well enough 
the sense of an inheritance or bequest. 


AND WAR 

fronts as well with even greater force than the 
airplane tO'day. So comjjletcly were they linked 
with war in popular consciousness, and so help- 
less did the world feet about them, that they are 
among the Four Horsemen of the Apocalypse. 
And not till nmdern science began to demon- 
strate that they were not inevitable was tlierc 
an outcry against them — during the Crimean 
War, which produced Florence Nightingale. 

To-day two of the sinister horsemen have been 
well-nigh eliminated. According to the latest 
figures, only 1 per cent, of those wounded on 
Guadalcanal have died, and even in liussia the 
death rate among the wounded is said to be only 
1.5 per cent. And exc<*pt for the deliberate 
starvation and its consequences imposed on 
Europe by the Nazis, famine has been beaten 
in the civilized parts of the world. The reasons 
for the first miracle are quick transportation and 
hospitalization of tlu? wounded, and modern 
medical treatment wdth blood plasma and the 
sulfa drugs, which prevent infections and pro- 
mote quick liealing. — From an editorial in The 
New York Times, 



THE ORIGIN OF SUPERIOR MEN' 

By DR. E. L. THORNDIKE 

BMKBITUS PK0FBB80B OF EDUCATIONAL PSYCHOLOGY, TEACHERS COLLEGE, COLUMBIA UNIVERSITY 


The forty-eight states show note- 
worthy differences in the frequency of 
births of superior men. The number of 
persons recorded in Who’s Who in 
America” (1938-1939) per ten thousand 
of the population in 1880 is as shown 
in Column 1 of Table I. Massachusetts 
and Connecticut have over five times as 
many as Louisiana, Mississippi or New 
Mexico. If the number of women aged 
20-44 in 1880 is used as a base, the dif- 
ferences are greater. If the white popu- 
lation of 1880 is used as a base, the dif- 
ferences, though reduced, remain sub- 
stantial as shown in Column 4 of Table 
I. Massachusetts, Connecticut and the 
Northwestern States still show rates two 
or three times as high as those for some 
of the Southern Stat(\s. If the popu- 
lations at 1870 and 1880 and 1890, or 
any reasonably weighted average of the 
populations at 1860, 1870, 1880, 1890, 
and 1900 is used as a base, wide differ- 
ences remain. 

The persons listed in Cattell’s “Amer- 
ican Men of Science” (1938) represent 
a narrower field of superiority with a 
wider selection within that field. The 
births per ten thousand of the 1890 
population are shown in Column 2 of 
Table 1. The differences among states 
are of about the same magnitude as in 
the case of Who’s Who men, and the 
rank order of the states is much like that 
in the case of Who’s Who men. The use 
of the 1880 population, or the 1900 popu- 
lation, or any reasonably weighted aver- 
age of the population from 1860 to 1910 
would leave the general fact of great 
variation unaltered. Using the white 
population of 1890 as the base, we have 
the facts in Column 5 of Table I. 

1 This study was made possible by financial 
assistance from the Oarnegio Corporation. 


The persons who are listed in Cattell’s 
“Leaders in Education’^ (1932), but are 
not listed in “Who’s Who” for 1938- 
1939 (including its references to former 
entries) or in “American Men of Sci- 
ence” (1938), form a group of men and 
women much above the average in intel- 
ligence, achievement, and public and pri- 
vate virtues, though not on the average 
so able as the group in “Who’s Who.” 
The numbers for each state per hundred 
thousand of the state’s 1880 population, 
total and white, are shown in Columns 
3 and 6 of Table I.* 

2 Inclimiou in Who'' in evidence of 

ability and, though perhaps to a less degree, of 
service to the nation and world. But the data, 
as between states, are not strictly comparable. 
Of a dozen jiersons of equal achievement, those 
living in * * superior ' ' states arc less likely to bo 
included, because what may be called the ex 
officio entries in ** Who's Who" (congressmen, 
professors in state universities and the like) are 
to some extent selected by geography as well as 
by merit. The influence of this defect is reduced 
in our results because only about a third of the 
famous persons of a state were born in it. But 
it is not reduced very much, since many more of 
them were born in that state than in an (H)ually 
populated fraction of the other forty-seven 
states. It is also probable that ability in law, 
engineering, medicine, manufacturing and busi- 
ness is underweighted in comparison with ability 
in teaching, the ministry, government and public 
administration. Better evidence in some re- 
spects concerning the migratiofl of the able and 
good is furnished by the facts for men of science 
presented in Caitell's "American Men of 
Science." The selection hero is objective and 
impartial, it reaches down to younger ages, and 
less exalted levels of ability. Reputable men of 
science aro far above the average in intellect, 
and somewhat above it in esthetic abilities. 
They rank high in both private and public mor- 
ality. In business enterprise, worldly wisdom 
and energy they rank probably above the aver- 
age teacher and clergyman, but below engineers 
and lawyers. By any reasonable criterion they 
would be placed in the top tenth of the popula- 
tion. 
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The facts of Table I are presented 
as samples of superior birth rates, not 
as authoritative measures. They favor 
states which had specially small popula- 
tions in 1880 (or 1890 in the case of the 
“American Men of Science”).* 

The ratios of names appearing in the 
directories used to populations at any 
one time (which we shall call superior- 
birth rates) will be more or less unjust 
to individual states, favoring in general 
those which had smaller populations 
relatively at the time used by us than 
over the whole period during which the 
persons enrolled were born. Their birth- 
years are approximately as shown in 
Table II. 

A better single measure for persons 
in “Who’s Who” and for persons in 
“Leaders in Education” not in “Who’s 

TABLE I 

Sample Birth-bates of Superior Men and 
Women for Each State 

ColDmn 1 : Number in * * Who *8 Who ’ ’ per 10,000 
population in 1880; Column 2: Number in 
American Men of Science “ per 10,000 popu- 
lation in 1890; Column 3: Number in Leaders 
in Education'' per 100,000 population in 1880, 
excluding any in * * Who 's Who " or “ American 
Men of Science"; Column 4: Number in 
"Who's Who" per 10,000 white population in 
1890; Column 5; Number in "American Men of 
Science" per 10,000 white population in 1890; 
Column 6: Number in "Leaders in Education" 
per 100,000 white population in 1880 excluding 
any in "Who's Who" or "American Men of 
Science. ' ' 


s What we should like to have as authoritative 
measures in place of the facts of Table I for 
any state is the percentage of those born in it 
in any period, say 1880, or 1880-1889, or 1870- 
1909, who would, before they died, or before 
they reached some specified age, be enrolled in 
Who's Who, American Men of Science, or any 
other list significant of superiority. But to 
obtain such facts for all years and states is im- 
possible; and even to obtain them only for those 
states for which the number of births is known 
for those periods to which accessions to Who’s 
Who and the American Men of Science can be 
assigned, for those persons who have reached 
age fifty, would require an enormous amount of 
labor. 



1 

2 

8 

4 

6 

6 

Alabama 

. 3.1 

1.0 

6.0 

6.9 

1.9 

9.5 

Arizona 

. 4.0 

2.3 

7.4 

4.6 

3.6 

8.6 

Arkansas 

. 2.4 

1.1 

6.2 

3.2 

1.6 

7.1 

California 

. 6.4 

4.6 

6.2 

7.2 

6.0 

7.0 

Colorado 

7.7 

7.8 

9.3 

7.9 

8.0 

9.4 

Connecticut 

. 10.4 

6.2 

11.1 

10.6 

6.8 11.3 

Delaware 

. 7.4 

2.9 

8.2 

9.1 

3.6 

10.0 

Florida 

. 3.2 

1.2 

3.3 

6.1 

2.0 

6.3 

Georgia 

. 2.9 

1.0 

4.0 

6.4 

1.8 

7.5 

Idaho .... 

.. 12.9 

7.1 

12.3 

14.5 

7.7 

13.8 

Illinois 

. 6.1 

4.6 10.7 

6.2 

4.7 10.9 

Indiana 

. 6.2 

5.2 

13.6 

6.3 

6.3 

13.8 

Iowa 

6.6 

6.8 

12.1 

6.6 

6.8 

12.2 

Kansas 

.. 6.1 

4.9 

16.2 

5.3 

6.0 15.9 

Kentucky 

.. 3.6 

1.7 

6.7 

4.1 

2.0 

6.8 

Louisiana . .. . 

.. 2.1 

1.1 

3.2 

4.4 

2.2 

6.6 

Maine 

. 7.0 

5.3 

17.0 

7.0 

5.3 17.0 

Maryland . . . . 

. 5.7 

4.8 

8.7 

7.3 

6.1 

11.2 

Massachusetts . .. 

.. 11.2 

6.8 

13.0 

11.4 

6.8 13.2 

Michigan 

.. 5.6 

4.3 

11.7 

6.6 

4.3 

11.8 

Minnesota 

. 6.4 

4.9 13.7 

6.5 

5.0 

13.8 

Mississippi 

. 2.6 

1.2 

3.8 

5.9 

2.8 

9.0 

Missouri 

.. 4.8 

3.2 10.1 

6.1 

3.3 

10.8 

Montana . . 

... 10.2 

6.7 

15.3 

11.4 

7.5 17.1 

Nebraska 

.. 6.6 

4.1 

19.7 

6.6 

4.1 

19.8 

Nevada 

. 6.3 

3.2 

3.2 

6.1 

3.8 

3.7 

New Hampshire 

.. 7.6 

5.6 

13.3 

7.6 

6.6 13.8 

New Jersey . . . 

. 6.1 

3.1 

5.0 

6.3 

3.2 

5.1 

New Mexico . 

. 2.0 

1.9 

2.6 

2.2 

2.1 

2.8 

Now York 

6.8 

4.4 

7.3 

6.9 

4.4 

7.4 

No. Carolina .. 

3.7 

1.7 

5.4 

5.9 

2.6 

8.7 

No. Dakota 

11.7 

6.0 

46.1 

11.9 

6.2 47.2 

Ohio . . 

.. 6.5 

4.8 12.6 

6.7 

6.0 

12.8 

Oklahoma . . 

T 

f 

f 

f 

f 

f 

Oregon 

6.7 

6.0 

10.3 

7.2 

6.3 

11.0 

Pennsylvania . .. 

. 6.3 

3.6 

8.6 

5.4 

3.7 

8.8 

Bhode Island 

.. 8.4 

4.7 

12.7 

8.6 

4.8 

13.0 

So. Carolina . 

... 3.6 

1.8 

6.9 

8.8 

4.4 

16.1 

So. Dakota . . . 

.. 9.6 

5.5 26.6 

9.7 

6.9 26.2 

Tennessee 

.. 3.6 

1.4 

4.9 

4.9 

1.8 

6.6 

Texas 

... 2.9 

1.9 

6.7 

3.9 

2.5 

8.9 

Utah 

.. 9.6 

11.4 17.4 

9.6 

11.7 

17.6 

Vermont 

... 7.6 

6.9 12.9 

7.7 

6.9 

13.0 

Virginia 

.. 4.9 

2.7 

6.5 

8.4 

4.3 

11.2 

Washington 

.. 11.5 

6.7 

17.3 

12.8 

6.0 

19.4 

W. Virginia . .. 

... 4.2 

2.6 

9.4 

4.4 

2.6 

9.8 

Wisconsin 

.. 6.2 

5.1 

11.3 

6.3 

5.1 11.3 

Wyoming 

... 11.5 

5.9 24.1 

12.6 

6.3 26.3 


Who" or "American Mon of Science" 
is obtained by dividing by the sum of 
the populations for 1870, 1880 and 1890. 
Pour-fifths of the persons in "Who’s 
Who" (38-39 edition) were bom be- 
tween 1865 and 1894, as were those in 
"Leaders in Education." Nearly three- 
fifths of those listed in "American Men 
of Science" were bom between 1885 and 
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1905, so that division by the sum of the 
1890 and 1900 populations may give 
juster measures for the “American Men 
of Science “ than division by the 1890 
population alone. 


TABLE II 

Age Distribution of Superior Men 


Number born among a random 
thousand in 

Year 

Who's 

Who, 

1938-9 

American 
Men of 
Science, 
1938 

Leaders 
in Edu- 
cation 
but not in 
Who's 
Who or 
A.M.S. 

Before 1860 

49 

3 

34 

1860-1864 . . 

59 

22 

41 

1865-1869 . 

120 

28 

60 

1870-1874 . . 

167 

75 

89 

1875-1879 

178 

55 

134 

1880-1884 ... 

145 

92 

148 

1885-1889 

124 

113 

188 

1890-1894 . 

87 

148 

183 

1895-1899 

56 

163 

91 

1900-1904 .. 

12 

166 

30 

1905-1909 

3 

124 

1 

1910 or later . 


21 

1 


The facts for each state by these mea- 
sures appear in Table III. They still 
are imperfect as measures of the com- 
parative productivity of superior per- 
sons in the forty-eight states, but the 
errors will be small in comparison with 
the differences shown, and the effect of 
the errors upon the correlations we shall 
later present will be mainly to act as a 
factor of safety, reducing them all 
slightly. 

TABLE in 

Superior Birth Bates and Banks for 
Each State 

Column 1; Number in *‘Who^8 Who" (1938) 
per million in the sum of the 1870, 1880 and 
1890 populations; Column 2: Number in 
"American Men of Science" (1938) per mil- 
lion in the sum of the 1890 and 1900 popula- 
tions; Column 3: Number in "Leaders in Edu- 
cation" (1932) (but not in "Who's Who" or 
"American Men of Science") per million in 
the sum of 1870, 1880 and 1890 populations. 



1 

Bank* 

2 

Bank* 

8 

Bank* 

Ala. 

103 

41 

47 

47 

17 

39,40 

Ariz. 

116 

40 

95 

36 

22 

34 

Ark. 

79 

46 

52 

44 

17 

39, 40 

Calif. 

211 

16 

206 

22 

20 

36 

Colo. 

232 

11 

340 

2 

28 

28, 29 

Conn. 

339 

2 

278 

5 

36 

17, 18 

Del. 

248 

9 

139 

31 

27 

30 

Fla. 

102 

42 

49 

45, 46 

11 

46, 47 

Qa. 

97 

44 

44 

48 

13 

43-45 

Idaho 

309 

3 

252 

10 

29 

25-27 

111. 

200 

20 

203 

24 

35 

19 

Ind. 

177 

30 

242 

12 

46 

8 

Iowa 

226 

12 

267 

7 

42 

11-15 

Kan. 

182 

29 

240 

13 

54 

5-7 

Ky. 

118 

39 

79 

40 

19 

37 

La. 

71 

47 

49 

45, 46 

11 

46,47 

Maine 

234 

10 

256 

8,9 

57 

2-4 

Md. 

193 

24 

226 

18 

29 

25-27 

Mass. 

366 

1 

301 

3 

42 

11-15 

Mich. 

183 

27, 28 

198 

25 

39 

16 

Minn. 

199 

21 

210 

21 

42 

11-15 

Miss. 

86 

45 

53 

43 

13 

43-45 

Mo. 

157 

33 

146 

30 

33 

20 

Mont. 

197 

22, 23 

249 

11 

30 

24 

Nebr. 

183 

27, 28 

204 

23 

54 

5-7 

Nev. 

217 

15 

167 

28 

13 

43-45 

N. H. 

253 

8 

269 

6 

44 

9 

N. J. 

197 

22, 23 

135 

32 

16 

41,42 

N. M. 

65 

48 

84 

37 

8 

48 

N. Y. 

224 

13 

197 

26 

24 

31 

N. C. 

126 

35 

76 

41 

18 

38 

N. D. 

187 

26 

186 

27 

74 

1 

Ohio 

219 

14 

227 

16,17 

42 

11-15 

Okla. 

120*'' 38 

107 

35 

31** 

22, 23 

Ore. 

201 

19 

218 

19 

31 

22, 23 

Pa. 

173 

31 

163 

29 

28 

28, 29 

B. 1. 

278 

6 

211 

20 

42 

11-15 

S. 0. 

121 

37 

82 

38 

21 

35 

8. D. 

205 

17 

256 

8,9 

57 

2-4 

Tenn. 

121 

36 

63 

42 

16 

41,42 

Texas 

101 

43 

81 

39 

23 

32, 33 

Utah 

308 

4 

492 

1 

57 

2-4 

Vt. 

255 

7 

288 

4 

43 

10 

Va. 

169 

32 

125 

33 

23 

32, 33 

Wash. 

189 

25 

233 

15 

29 

25-27 

W. Va. 

144 

34 

111 

34 

32 

21 

Wis. 

202 

18 

227 

16,17 

36 

17, 18 

Wyo. 

261 

6 

239 

14 

54 

5-7 


* If two states have the same birth-rate of 
superior men, the ranks of both are given for 
each. For example, Michigan and Nebraska, 
with a rate of 183 for "Who's Who" persons 
are ranked 27, 28. Similarly, if three or more 
states have the same rank. 

** Estimated. 
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As a second, and in some respects bet- 
ter, method of computing state birth- 
rates of Who’s Who persons, I have com- 
puted the facts of Table IV A, in which 
the number of persons reported in two 
thousand pages of ‘‘Who’s Who” for 
1838-1839 and born in 1856 through 
1864 is divided by the total number of 
births in the state in question in 1860, 
and similarly for ‘‘Who’s Who” persons 
bom in 1866 through 1872 and the total 
births in 1870, ‘‘\^o’s Who” persons 
born in 1876 through 1884 and the total 
births in 1880, etc. 

TABLE IVA 

The Bieths or "Who’s Who" Persons in 
Each State (Edition or 1838) During 
Certain Periods in Relation to the 
Total Number or Births in the 
State at Approximately the 
Same Period 
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Maine 

. 411 

797 

670 

451 

13 

N. Hampshire 

. 538 

1289 

738 

361 

7 

Vermont ... . 

587 

898 

680 

276 

11 

Massachusetts 

. 653 

1437 

1041 

513 

2 

Rhode Island .. 

. 524 

894 

809 

517 

8 

Connecticut 

754 

1150 

998 

504 

4 

New York . . . . 

. 308 

683 

576 

359 

19 

New Jersey .. 

. 300 

623 

434 

275 

27, 28 

Pennsylvania . 

254 

520 

394 

228 

32 

Ohio 

306 

644 

513 

318 

23 

Indiana 

. 231 

417 

399 

278 

33 

lUinois 

. 278 

552 

454 

246 

30 

Michigan 

. 251 

668 

458 

266 

27, 28 

Wisconsin 

. 877 

532 

425 

259 

29 

Minnesota 

. 442 

682 

473 

257 

20 

Iowa 

. 270 

618 

586 

310 

22 

Missouri 

. 174 

402 

324 

246 

34 

No. Dakota 

0 

613 

576 

282 

24, 25 

So. Dakota ...... 

0 

1538 

901 

335 

5 

Nebraska 

. 497 

891 

425 

291 

16 

Kansas 

. 333 

696 

325 

341 

24, 25 

Delaware 

.. 271 

929 

570 

262 

17 

Maryland 

. 264 

516 

452 

271 

31 

Virginia 

. 167 

486 

332 

218 

85 

W. Virginia 

170 

411 

285 

159 

36 

No. Carolina 

.. 101 

377 

233 

192 

37 


So. Carolina . 

.... 136 

372 

208 

154 

38 

Georgia 

... 99 

271 

167 

126 

44 

Florida 

.. 119 

223 

213 

190 

41 

Kentucky . . . 

.. 137 

312 

240 

133 

39 

Tennessee 

. 91 

337 

207 

166 

40 

Alabama . . . 

.. 94 

300 

189 

126 

42 

Mississippi . . 

. 100 

211 

173 

98 

44 

Arkansas .. . 

. . 98 

252 

117 

89 

47 

Louisiana 

78 

222 

134 

82 

48 

Oklahoma 

f 

f 

f 

f 

26* 

Texas 

.. 95 

287 

173 

134 

43 

Montana 

t 

637 

1131 

365 

12 

Idaho .. . 

f 

1810 

968 

524 

3 

Wyoming 

f 

641 

1064 

681 

10 

Colorado 

0 

1035 

1282 

367 

6 

New Mexico 

0 

114 

50 

134 

45 

Arizona 

f 

0 

770 

269 

18 

Utah 

297 

878 

630 

339 

15 

Nevada 

2941 

1411 

578 

401 

1 

Washington . 

302 

1464 

717 

328 

9 

Oregon 

.. 248 

722 

516 

383 

21 

California . .. 

.. 403 

852 

644 

418 

14 


* Estimated. 

W (56-65) = 100,000 x the number of personf 
on 2000 pages of Who’s Who born in the 
state in 1856 to 1865 inclusive. 

W (66-75) = 100,000 x the number of persons 
on 2000 pages of Who’s Who bom in the 
state in 1866 to 1875 inclusive. 

W (76-85) = 100,000 X the number of persons 
on 2000 pages of Who’s Who born in the 
state in 1876 to 1885 inclusive. 

W (86-95) = 100,000 X the number of persons 
on 2000 pages of Who’s Who bom in the 
state in 1886 to 1895 inclusive. 

B 60 = the number of births in the state in 1860 
B 70 = the number of births in the state in 1870 
B 80 = the number of births in the state in 1880 
B 90 = the number of births in the state in 1890 

Table IVB reports the same facts but 
expressed in each case as a deviation from 
the median of the column’s measures. 
The measures for 56 to 65, 76 to 85, and 
86 to 95 are multiplied by factors to give 
them general equality with the 66 to 75 
measures and thus show more clearly the 
degree of consistency of the rates for the 
same state at different periods. 

The correlation of the sum of the rates 
of Table IVA with the “Who’s Who” 
rates in Table III is .88. The correlation 
for a weighted sum in which each period 
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is given approximately equal weight is 
.90. 

I have used this method for the per- 
sons listed on a thousand pages of the 
1938 edition of “American Men of Sci- 
ence. The correlations corresponding 
to the .88 and .90 for “Who's Who" 
persons are .92 and .90. It seemed un- 
necessary to undertake these very labor- 
ious computations for the “Leaders in 
Education." 

As a general measure of a State's 
relative productivity of superior persons 
we may use a composite (called SBQ) 
of the three per-populations measures of 
Table III and the two per-births mea- 
sures. (I use the averages, but medians 
would do as well.) Any reasonable 
weighting of the five will do ; I give ap- 
proximately equal weight to each of the 
five, which means that “Who's Who" 
measures and “American Men of Sci- 
ence measures each have about twice the 
weight of the “Leaders in Education" 
measures. The values of SBQ for each 
state appear in Table V. The numbers 
are reduced to values such that the 
median state is 100, but their relative 
proportions are approximately the same 
as would be found in the per population 
rates or in the per births rates. For 
example, the state with the highest SBQ 
(170) does produce at a rate about five 
times that of the state with the lowest 
SBQ (32). These composite rates or 
SBQ's for the production of superior 
persons are still not perfect, but would 
probably correlate well over .90 with the 
ratings that would be found if the 
achievements of every person born from 
1855 to 1900 were examined and evalu- 
ated by a competent jury of experts and 
if those put in the top one or two per 
cent, were classified by state and year 
of birth and the resulting numbers were 
compared with the total numbers of 
births in each state in each year. 

« Tables like IVA and IVB were prepared 
but are omitted here for lack 6f space. 


TABLE IVB 

The Facts of Table IVA, Each being Divii>bd 
BY 10, Expressed as a Deviation fboic the 
Medun of its Column, and Multiplied by a 
Factor (1.65) for the 1860 Column, 1.00 for 
the 1870 Column, 1.26 for the 1880 Column, 
AND 3.0 FOR THE 1890 COLUMN) TO MAKE THE 
Varubility Equal for Each Column, and 
Permit Easy Comparisons of the Birth rates 
OF the Same State in the Four Periods 
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Maine 

23 

16 

26 

54 

New Hampshire ... 

43 

65 

34 

27 

Vermont 

53 

26 

28 

0 

Massachusetts 

63 

80 

78 

72 

Bhode Island . 

58 

26 

43 

72 

Connecticut 

79 

52 

67 

69 

New York ... . 

5 

5 

14 

24 

New Jersey 

5 

-1 

-4 

0 

Pennsylvania 

-3 

-11 

-9 

-15 

Ohio 

5 

1 

6 

12 

Indiana ... 

-7 

-21 

-9 

0 

Illinois 

0 

-8 

-1 

-9 

Michigan 

-3 

3 

-1 

-3 

Wisconsin 

16 

-10 

-5 

-6 

Minnesota 

28 

5 

1 

6 

Iowa . .. 

0 

-2 

15 

12 

Missouri 

-16 

-23 

-18 

-9 

North Dakota 

-8* 

-2 

14 

3 

South Dakota 

-8* 

90 

55 

18 

Nebraska 

36 

26 

-5 

6 

Kansas 

10 

6 

-18 

21 

Delaware 

0 

29 

14 

-3 

Maryland 

-2 

-12 

-1 

0 

Virginia 

-18 

-15 

-16 

-18 

West Virginia . .. 

-16 

-22 

-23 

-36 

North Carolina 

-28 

-26 

-26 

-24 

South Carolina ... 

-23 

-26 

-33 

-36 

Georgia 

-30 

-36 

-38 

-45 

Florida 

-26 

-41 

-32 

-24 

Kentucky 

-23 

-32 

-28 

-42 

Tennessee 

-30 

-30 

-33 

-33 

Alabama 

-30 

-33 

-35 

-45 

Mississippi 

-28 

-42 

-37 

-64 

Arkansas 

-30 

-38 

-44 

-67 

Louisiana 

-33 

-41 

-42 

-57 

Oklahoma 

f 

f 

f 

f 

Texas 

-30 

-35 

-36 

-42 

Montana 

f 

0 

84 

27 
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Idaho 


IIS 

63 

75 

Wyoming 

I 

1 

76 

123 

Colorado 


40 

104 

27 

New Mexico .. 

.. . . f 

-52 

-61 

-42 

Arizona 

f 

f 

30 

-3 

Utah 

3 

24 

21 

18 

Nevada . . 

. 440 

78 

14 

39 

Washington .. 

. .. 5 

83 

32 

16 

Oregon 

-5 

9 

6 

33 

California . . .. 

21 

22 

23 

42 


* Estimated. 

I have sought in vain for data on 
birthplace for any large groups of mu- 
sicians, artists, highly-skilled craftsmen, 
engineers, clergymen or the like to ex- 
tend Table III and Table V. I have 
also sought in vain for data on the birth- 
places of criminals, feeble-minded, psy- 
chopaths and other defectives, delin- 

TABLE V 

Superior Birth-Bate or Quotient, SBQ, and 
Bank for Each State 


State 

Bate 

SBQ 

Bank 

State 

Bate 

SBQ 

Bank 

Ala. .. . 

41 

42 

Neb. 

116 

16 

Ariz. 

72 

33 

Nev. . 

113 

18 

Ark. .. . 

37 

44 

N. H. . 

140 

6 

Cal 

103 

22 

N. J. . 

77 

32 

Colo. . 

141 

5 

N. M. 

35 

47 

Conn. ... 

148 

3 

N. Y. 

98 

26 

Del. . 

93 

29 

N. C. 

51 

38 

Fla 

38 

43 

N. D. 

118 

12 

Ga 

36 

46 

Ohio 

110 

19 

Ida. .. 

142 

4 

Okla. . 

71 

34 

lU 

97 

27 

Ore. 

102 

24 

Ind 

104 

21 

Pa. 

83 

30 

Iowa .. 

116 

13 

R. I. 

128 

11 

Kan. ... 

116 

14 

S. C. . . 

51 

37 

Ky. . 

50 

39 

S.D. . 

139 

7 

La 

32 

48 

Tenn. 

46 

41 

Me 

130 

10 

Tex. . 

49 

40 

Md. 

95 

28 

Utah ... 

170 

1 

Mass. .. 

164 

2 

Vt. ... 

132 

9 

Mich. .. 

99 

25 

Va. . 

70 

35 

Minn. „ 

108 

20 

Wash. . 

115 

16 

Miss. ... 

36 

45 

W. Va. 

67 

36 

Mo 

78 

31 

Wis. .. . 

102 

23 

Mont. ... 

114 

17 

Wyo. ... 

136 

8 


quents and dependents to make a table 
to contrast with Table III and Table V. 
It is probable, but not at all certain, that 
the states have differed in the production 
of superior artists, technicians, farmers, 
etc., in the same ways that they have 
differed in the production of superior 
workers in science and education. It is 
probable, indeed almost certain, that a 
state which produced relatively many 
high on a scale for human quality pro- 
duced relatively few that were low in 
such a scale. 

It is then worth while to examine the 
affiliations (i.e., the correlations or cova- 
riances) of high pcr-capita production 
of the sort measured by SBQ. For the 
year 1930 or near it, I have, for each 
state, six instructive measures ; 

G, an index of the general goodness of 
life for good people, based on 37 
measures. 

I, an index of the per capita income of 
the residents, based on 9 measures. 

P, an index of certain personal qualities 
of the residents, based on 10 measures. 
Gwh, an approximate index of the good- 
ness of life for good white people, 
based on 9 measures. 

Iwh, an approximate index of the per 
capita income of white residents, based 
on 3 measures. 

Pwh, an approximate index of the per- 
sonal qualities of white residents based 
on 5 measures. 

The constituent measures and their 
weights are described in Note 2 at the 
end of this article. 

We would prefer to study measures 
of the condition of each state in 1870, 
1880, 1890, and 1900 rather than these 
measures of its condition in 1930, but 
only a very few are available for these 
earlier years. For 1900, 1 have measures 
of certain significant facts, namely the 
percentage of native whites aged ten or 
over that were illiterate, the percentage 
of farms that were owned by those living 
on them, the percentage of non-farm 
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homes owned by those living in them, 
and an index, G P of 1900, described in 
Note 3 at the end of this article. 

The correlations, given in Table VI, 
show very close bonds between SBQ and 
the quality of the population in 1930. 
Whatever causes the former accounts for 
three fourths of the variation in the latter 
(.87*). No combination of the measures 
in a multiple correlation will add any- 
thing considerable to this. In particu- 
lar, income adds almost nothing. 

The combined force of Pwh and per 
cent of colored reversed accounts for 68 
per cent, of the variation in SBQ, the 
allotment of the 68 per cent, being as 
follows : 

.27 per cent, is due to what is measured 
by Pwh and not by per cent, colored 
reversed, 

.13 per cent, is due to what is measured 
by per cent, colored reversed and not 
by Pwh. 

.28 per cent, is due to something that is 
common to Pwh and per cent, colored 
reversed. 

The relation between the 1930 P and 
the births a half-century before is due in 
only small measure to the influence of 
the superior persons in question upon 
the residents of the state in which they 
were bom. For only a small minority 
of them stay there. The medians are 
34% for “ WTio’s Who'' persons and 19% 
for “American Men of Science. “ And 
those that emigrate do not go especially 
to states which are high in P in 1930. 
On the contrary they favor states low in 
P.® Doubtless superior men benefit the 
state where they live, but the important 
fact is that the kind of state which gives 
birth to many of them probably was high 
in P in 1880. 

It certainly was in 1900. The correla- 
tion of the three birthrates with even so 
partial a symptom of P as native white 
literacy is .77. The correlation with the 
9 This will be substantiated in a later article 
on the interstate migration of superior men. 


percentage of farmers owning their 
farms is .63. The correlation with own- 
ership of non-farm homes is .37. There 
can be little doubt that if the ten items 

TABLE VI 

COBKELATIONS OF A COMPOSITS SUPEBIOB-BIBTH 

Bate, SBQ, fob the 48 States in 1930 


With a of 1930 79 

P << 87 

I “ “ 48 

Gwh “ “ 72 

<< ‘‘ 80 

Iwh “ “ 06 

With percentage of colored (reversed) 

in 1930 77 

With G P of 1900 81 

With native white literacy of 1900 . . .77 

With percentage of farmers ovming their 

farms in 1900 .63 

With percentage of non-farm population 
owning their homes in 1900 37 


of the P score were available for 1900, 
the correlation of SBQ with P of 1900 
would be over .80. If these items were 
available for the white population of 
1900 the correlation with a P for whites 
alone in 1900 would also almost certainly 
be over .70. I know of no facts which 
would cause the correlations to be lower 
in 1870 or 1880, and there are some facts 
which would cause them to be higher. 

We may conclude therefore that the 
production of superior men is surely not 
an accident, that it has only a slight 
affiliation with income, that it is closely 
related to the kind of persons residing 
in New England and in the block formed 
by Colorado, Idaho, North Dakota, 
South Dakota, Utah and Wyoming, from 
1870 to 1900, and that these persons 
probably diverged from the average of 
the country toward the qualities which 
make persons in 1930 learn to read, 
graduate from high school, spend public 
funds on libraries rather than roads and 
sewers, own their homes, avoid homicide, 
be free from syphilis, etc., as measured 
by the Index P. 
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APPENDIX 

Note 1 — Oohpababls Investioations 
Geisert has computed the ratio of the per- 
centage of Who's Who" persons bom in Vir- 
ginia in 1850-1860 to the percentage of white 
women 20 to 44 years of ago in Virginia at that 
period, and similarly for each of the ten other 
states of the Southeast. (Geisert, H« L., "The 
Trend of the Interregional Migration of Talent : 
The Southeast, 1899-1936." 1939. Social 

Forces, 18: 41-47.) He has done this also for 
the period 1884 to 1886. (For this period, na- 
tive-born white women were used.) The South- 
eastern states were in general below the ratio 
(1.00) for the United States as a whole. Their 
ratios as estimated from Geisert 's chart were 
as shown below: 



1860-1860 

1884-1886 

Alabama . . 

.52 

.68 

Arkansas 

.25 

.41 

Florida .. 

1.00 

.76 

Georgia 

.69 

.74 

Kentucky . ... 

.62 

.67 

Louisiana 

.68 

.60 

Missisippi . .. . 

.58 

.83 

North Carolina . . . 

52 

.81 

South Carolina .. . . 

1.04 

1.26 

Tennessee 

.44 

.69 

Virginia 

.76 

1.17 


His figures for the '84- '86 group correlate 
.914, and the averages of his figures for the two 
periods correlate .904, with our figures for the 
number divided by the white population in 1880. 

Vance has recently reported the "average 
birth rate" of native-born whites Included in 
the "Dictionary of American Biography" and 
born from 1790 to 1860, reckoned on the native- 
born white population. (Vance, E. P., "The 
Geography of Distribution : The Nation and Its 
Regions 1790-1927." 1939. Social Forces, 

18: 168-179.) The District of Columbia was 
highest with a rate of 31.4 per million. Massa- 
chusetts, Connecticut and Rhode Island had 
above 16.0. Maine, New Hampshire, Vermont, 
New York and South Carolina had from 12.0 
to 16.9. New Jersey, Pennsylvania, Delaware, 
Maryland, Virginia, West Virginia and Georgia 
had from 8.0 to 11.9. Ohio, Michigan, Wis- 
consin, Kentucky, Tennessee, North Carolina, 
Alabama, Mississippi and Louisiana had from 
4.0 to 7.9. The other states had less than 4.0. 
If native-born Negroes had been included these 
rates would, of course, have been very different, 
but the general magnitude of the variation 
would probably have been increased. 


In those early years the ranking of the east- 
ern states in the production of superior men 
was much like what it is now (the correlation 
for the 24 listed above being .73 or .76 between 
Vance and Thorndike ranks according as the 
Thorndike ranks are on a basis of total popula- 
tion or white population). The western states 
and lerritories were then all very low, and about 
equally low by Vance, but possibly the popula- 
tions he used as bases for them were too large, 
or especially lacking in women. 


Note 2. — Constituents or the G Score 




Approximate 

Item* 

Items or Health 

weight for 
states 


131 Infant death-rate reversed 

13 

132 General death-rate reversed . 

9 

134 Typhoid death-rate reversed 

6i 

136 Appendicitis death - rate re- 


versed 

3i 

137 Puerperal diseases death-rate 


reversed .. . . 


Items op Education 


53 Per capita public expendi- 


tures for schools 

8 

64 Per capita public expendi- 


tures for teachers' salaries 

7 

65 Per capita public expendi- 


tures for textbooks and 


supplies . . 

8 

56 Per capita public expendi- 


tures for libraries and mu- 


seums . . 

6 

21 Percentage of persons six- 


teen to seventeen attending 


schools . 

4i 

22 Percentage of persons eight- 


een to twenty attending 


schools 

7i 

23 Average salary, high -school 


teachers, elementary-school 


teachers, and supervisors 

7i 

Items op Recreation 


57 Per capita public expendi- 


tures for recreation 

7i 

17 Per capita acreage of public 


parks .... 

2 

Economic and "Social" 

ITIUB 

107 Rarity of extreme poverty 

6i 

108 Rarity of loss extreme pov- 


erty 

6i 

153 Infrequency of gainful em- 


ployment for boys 10-14 
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154 Infrequency of gainful em- 
ployment for girls 10-14 64 

223 Average wage of workers in 

factories 4 

106 Frequency of home owner- 
ship (per capita number 
of homes owned) 6 

248 Per capita support of the 

Y. M. C. A 6 

201 Excess of physicians, nurses, 
and teachers over male do- 
mestic servants 6 

98 Per capita domestic installa- 

tions of electricity 54 

99 Per capita domestic installa- 

tions of gas ... 7 

102 Per capita number of auto- 

mobiles 5 

103 Per capita domestic installa- 

tions of telephones 10 

104 Per capita domestic installa- 

tions of radios 64 

Other Items 

31 Percentage of literacy in the 

total population 4 

26 Per capita circulation of 
Better Homes and Gar- 


dens, Good Housekeeping 
and the National Geo- 


graphic Magazine . 6 

26 Per capita circulation of the 

Literary Digest 64 

133 Death rate from syphilis (re- 
versed) 4 

241 Death rate from homicide 

(reversed) 34 

243 Death rate from automobile 

accidents (reversed) . .. 34 

12 Per capita value of asylums, 
schools, libraries, museums, 
and parks owned by the 
public . 6 

16 Batio of value of schools, 

etc., to value of jails, etc. 3 

11 Per capita public property 

minus public debt 5 


* The items are more fully described on pages 
173 to 187 of ‘‘Your City'' by E. L. Thorn- 
dike, and also in Ann. N. T. Acad. 8oi., 39: 
214-223. 

After the 37 scores were multiplied by 
amounts such as to make their standard devi- 
ations be proportional to the numbers listed 
above as approximate weights, the sum for eacli 
state (called G3) was combined with a score 
(Gl) which was computed by subtracting the 
number of features among the 37 in which that 


state was below the median of the 48 states 
from the number in which it was above the 
median of the 48. G3 and Gl had relative 
weights of approximately 2 and 1 respectively 
in the final G score. 

It should be kept in mind that Items 11, 12, 
16, 56, and 57 are for a state's own property, 
debt, and expenditures, not for these plus those 
of the smaller governmental units within its 


boundaries. 

Constituents or the I Score 


Approximate 
weight for 
states 

Income tax returns (over $2,500) 

15 

Income tax returns (over $5,000) 
Average wages : teachers and 

7 

supervisors 

Average wages; retail store cm- 

31 

ployees .... 

7 

Average wages : factory employees 
Expenditures; rent (or equiva- 

7 

lent) ... 

34 

Expenditures; food-store sales 

44 

Expenditures ; cigar-store sales 

1 

Expenditures; drug-store sales 

1 


This list has one notable weakness, in that 
the expenditures are such as respectable people 
make for respectable purposes. The expendi- 
tures for prostitutes, gambling, forbidden 
drugs, intoxicants, and more or less disreput- 
able entertainment in these cities could not be 
estimated. This weakness acts as a factor of 
safety in the case of some of our most impor- 
tant conclusions. 

Constituents or the P Score 

The personal qualities index, P, is a weighted 
composite of the deviations from the median 
in the items listed below, the weights being ap- 
proximately as stated. 


Item 

Approximate 
weight for 
states 

30 Per capita number of grad- 
uates from public high 
schools in 1934 

5 

261 Percentage which public ex- 
penditures for the main- 
tenance of libraries was of 
the total 

2 

81 Percentage of illiteracy (re- 
versed) 

2» 
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33 Percentage of illiteracy 
among those aged 15-24 
(reversed) .... 

106 Per capita number of homos 

owned . . .5 

201 Per capita number of physi- 
cians, nurses and teachers 
minus male domestic ser- 
vants 4 

103 Per capita number of tele- 
phones 2ji 

207d Number of male dentists di- 
vided by number of male 
lawyers 2 

133 Per capita number of deaths 

from syphilis (reversed) 2i 

241 Per capita number of deaths 

from homocide (reversed) 2| 


Constituents of Own: Items 131, 134, 137, 21, 
22, 153, 154, 104, and 243 from the G list above, 
but in eacii case for the white population of the 
state. The weights were approximately as in 
the G composite. 


Constituents of Pu>h: Items 31,. 106, 133 and 

241 from the P Ust above, but computed for the 

white population, and also the percentage of 

white farmers owning their farms. 

Note 3 

G P of 1900 is a composite score including: 

(1; the percentage of residents 5 to 18 years 
old enrolled in public schools. 

(2) the number of days public schools were in 
session. 

(3) the expenditures per pupil in actual at- 
tendance for teachers and supervisors. 

(4) the expenditures per pupil in actual at- 
tendance for all other items, excluding out- 
lays for buildings and interest on bonds. 

(5) the percentage of literacy for the white 
population aged 10 or over. 

(6) the percentage of farmers owning their 
farms. 

(7) the percentage of non-farm families own- 
ing their homes. 

(8) the percentage which the white population 
was of the total population. 


CRITERIA OF THE EMPIRICAL METHOD 

By Dr. PAUL CRISSMAN 

PBOFEB60R OF PSYCHOLOGY, UNIVERSITY OF WYOMINO 


In its widest sense, the meaning of 
‘‘empiricar’ propositions may best be 
understood when contrasted with that of 
‘ ' formal ’ ’ ones. Formal propositions 
consist of the analytic statements estab- 
lished by logic and mathematics; em- 
picical propositions (hypotheses) consist 
of the synthetic statements verified by 
reference to existential objects and 
events. Formal propositions derive their 
validity from conventions, and, from the 
point of view of empricism, are mate- 
rially empty and constitute a system of 
tautologies. Formal propositions con- 
cern themselves solely with the structure 
of verbal systems and the conventions 
whereby terms and propositions of one 
language may be translated into terms 
and propositions of another and different 
language, and are, in any empirical 
sense, wholly devoid of ‘Hruth'' value. 
In other words, terms and propositions 


refer to or designate (1) other terms and 
propositions, and (2) perceptual objects 
and events, or identities discernible in or 
among such objects and events. In sum, 
if a hypothesis be empirical, it must 
designate some property or invariant 
relation exemplified in some class or 
domain of things or events, or else imply 
other propositions that terminate in such 
reference. 

Now empirical science, our scientists 
and scientific text-books tell us, is con- 
cerned with “facts.” So it is, the tested 
hypotheses that constitute scientific 
knowledge are suggested by facts and 
are in turn verified by reference to them. 
But what are facts! 

The word “fact” embraces at least 
three types of referents. (1) “Fact” 
sometimes denotes objects and events dis- 
criminable in sense perception, together 
with relations perceived between them. 
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*‘The end of this pointer coincides with 
that mark on the scale, ''This band of 
color lies between those two bands, are 
facts in this sense. Facts in this sense 
are distinct from the hypotheses we make 
about them ; indeed, such facts are insti- 
tuted or sought out by us in order to 
test the hypotheses we formulate. (2) 
"Fact’^ sometimes denotes propositions 
or judgments which interpret the data 
discriminated in sense perception. ‘ ' This 
object is ferrous,” "That object is a 
protozoan,” are facts in this sense. All 
inquiry must take for granted a host of 
facts of this kind, although we may later 
reject some of them as false. (3) 
"Fact” also denotes propositions which 
truly assert some "invariant relation” 
or "constant conjunction of characters” 
between or among a plurality of things 
and events. "All planets revolve about 
the sun at velocities such that their radii 
from the sun describe equal areas in 
equal times,” "Any nerve fiber must 
either respond with its whole capacity 
for response or none at all,” are facts in 
this sense. A hypothesis is made ' ' true, ’ ' 
is "verified” and thereby becomes a fact 
when, as an experimental operation, it 
leads to the institution or discovery of 
facts in the first sense. 

Consequently, facts are not deter- 
minate entities existing in nature that 
command attention in virtue of charac- 
teristics intrinsic to them ; they are not, 
like berries on a bush, just waiting there 
for any one to pluck who runs. Facts, 
in so far as they are significant for scien- 
tific inquiry, are instituted or sought out 
by us for the purpose of testing a hy- 
pothesis. They are relative to the pur- 
poses of the inquirer on the one hand, 
and to the body of antecedently verified 
knowledge relevant to the particular in- 
quiry on the other hand. Scientific in- 
quiry is purposive; it is no mere idle 
staring at some inchoate flux of sensory 
elements passing in review before aware- 
ness. Some hypothesis, however arrived 


at, guides and directs all significant in- 
quiry; otherwise we should never look 
for or seek to institute any facts. To 
paraphrase the famous dictum of Kant, 
hypotheses without perceptual facts are 
devoid of empirical meaning, perceptual 
facts uninformed by hypotheses are blind 
or uncognized. 

Thus both concepts (hypotheses) and 
percepts (existential data) are essential 
to empirical science. The relation be- 
tween them is reciprocal ; the hypothesis 
embodies that which is known of the per- 
cepts, the percept constitutes the ob- 
jective or public data of which knowl- 
edge is had. Moreover, there is another 
sense in which the distinction between 
hypothesis and perceptual fact is rela- 
tive, when by a hypothesis is meant a 
proposition which may be true, but for 
which the perceptual evidence in verifi- 
cation of it is never complete. Since it 
it impossible to demonstrate the non- 
existence of negative instances, we can 
never attain complete proof for any hy- 
pothesis the number of whose existential 
referents is indeterminate. Moreover, 
this denotative indeterminateness is 
characteristic of all scientific hypotheses. 
Hence the commonplace that scientific 
laws are at best only more or less prob- 
able. Suppose, e,g.j we assert that the 
volume of a gas varies inversely as the 
pressure exerted upon it, or that two or 
more bodies revolving about the sun 
move at velocities such that their radii 
describe equal areas in equal times. As- 
sume that, within certain limits, a gas 
under terrestrial conditions will always 
vary in volume approximately as de- 
scribed; assume that, within the limits 
of the conditions set by the solar system, 
planetary motions will always conform to 
Kepler's laws; yet, for aught we know, 
there may exist elsewhere in the universe 
domains wherein a gas will not behave as 
described and where Kepler's laws of 
planetary motion will not hold true. 
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In tenns of the meaning of ''em- 
pirical** distinguished above on the one 
hand, and of the interdependence be- 
tween h 3 T)otheses and perceptual facts 
on the other, let us consider a supposed 
instance of verification of a hypothesis. 
Take, for example, the hypothesis that 
H 2 O, under pressure of one atmosphere, 
will always boil at 100 degrees Centi- 
grade. Suppose we satisfy the condi- 
tions required by the hypothesis and 
then find that in the experiment the H 2 O 
is actually observed to boil at the tem- 
perature prescribed. This ‘‘cruciar* ex- 
periment is then supposed to ‘Verify’' 
the hypothesis. Yet, even assuming no 
error in measurement, this experiment 
proves only that the particular H 2 O em- 
ployed in the experiment was observed 
to boil at the instant when the measuring 
rod was observed to register 100 degrees 
Centigrade. By what logic, then, do we 
infer therefrom that when the same con- 
ditions are fulfilled the same temporal 
coincidence between boiling and a certain 
temperature reading will always be ob- 
served 1 The answer is, by no valid logic, 
for if we make such an inference, we 
commit the obvious fallacy of reasoning 
from one to all. Indeed, it is highly 
doubtful that, on the basis of a single 
observation of the temporal conjunction 
of two such characters, it would ever 
occur to us that the two characters were 
related in any way other than by chance. 

Suppose, however, we repeat the ex- 
periment a number of times and observe 
the same results each time. Does not 
this, then, prove the hypothesis! Un- 
happily, it does so no more than the 
single experiment. For the number of 
such possible experiments is indeter- 
minate if not indeed infinite; one “cru- 
cial'' experiment proves precisely as 
much or as little as does any number of 
repetitions of it. For, if we ascribe to 
all possible instances of a phenomenon 
some property or relation observed to 
hold only of a number of selected in- 


stances of it, we commit the simple fal- 
lacy of reasoning from some to all. But 
to reason from some to all is neither 
more nor less fallacious than to reason 
from one to all ; indeed, there are no de- 
grees of fallaciousness. In truth, the 
ascription of necessity to the coincidence 
between boiling and a given temperature 
reading observed in a number of in- 
stances is but the verbalization of that 
inexpungable habit of mind whereby we 
come to expect the same results each time 
the experiment is repeated. Expecta- 
tion, however, is a psychological attitude ; 
it is not demonstration of proof, for this 
latter is a logical process. Expectations 
do of course come true, and, for practical 
purposes, the obtainment of the same re- 
sults by repetitions of the same experi- 
ment does in fact sooner or later succeed 
in banishing doubt, but this again is a 
psychological, not a logical, process. It 
is in dissipation of doubt, whether by one 
or by many experiments, that verification 
at least in part consists. 

But verification is more than the dis- 
pelment of doubt ; it is, in its more posi- 
tive phase, the establishment of well- 
grounded belief. However, all depends 
upon the manner in which belief is es- 
tablished. In the words of a recent 
writer,^ the belief in the truth of a hy- 
pothesis is established “in a simultaneous 
experience of the concepts and the given. 
The process of verification consists in the 
observation of instances of the characters 
expressed in a proposition. One may say 
that propositions correspond to, or agree 
with, experience. This relation of a 
true proposition to experience is funda- 
mental and can be explained only in 
terms of synonyms; the fundamental 
fact is that we can determine the corre- 
spondence to experience of propositions 
about experience." Thereby alone is be- 
lief established or a hypothesis verified. 
But this again is a psychological, not a 
logical, process. 

1 V. F, Lenzen, ‘‘Physical Theory,*' p. 272. 
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Moreover, it is commonly supposed by 
scientists that a single crucial experi- 
ment may often decide between two rival 
theories.* For if one theory implies a 
verifiable proposition which contradicts 
a proposition implied by a second theory, 
by performing the experiment, it is be- 
lieved, we can then eliminate one of them. 

Consider two hypotheses: St, the hy- 
pothesis that light consists of very small 
particles traveling at great speeds, and 
Jffa, the hypothesis that light is a form of 
wave motion. Both hypotheses explain 
a class of events E, e,g,, the rectilinear 
propagation of light, the refraction of 
light, the reflection of light. But Hi 
implies the proposition pt that the velo- 
city of light in water is greater than in 
air; while H2 implies the proposition pa 
that the velocity of light in water is less 
than in air. Now px and pa can not both 
be true. Here, it would seem, is an ideal 
case for performing a crucial experi- 
ment. If Pa should be confirmed by ex- 
periment, Pi would be refuted, and we 
could validly conclude that the hypoth- 
esis Pi is false. Yet nearly a century ago 
Foucault showed that light travels faster 
in air than in water. Accordingly, the 
corpuscular theory of light should have 
been discarded once and for all. 

Yet recent physics has revived New- 
ton’s corpuscular hypothesis in order to 
account for certain optical effects. Must 
we not then qualify this doctrine of cru- 
cial experiments! 

The answer is simple, but calls atten- 
tion once more to the interdependence 
between theory and observation. In or- 
der to deduce the proposition pi from St, 
and in order to perform the experiment 
of Foucault, many other assumptions, 

2 This point, as well as the two iUustrationi 
cited in implementation of it, we borrow from 
Cohen and Nagel’s **An Introduction to Logic 
and Bcientiflc Method,” pp. 210-221. More- 
over, much of the language of this section of 
our paper, as well as a number of illustrations 
appearing elsewhere in it, are from the same 
source. 


Kf must be made about the nature of 
light and the instruments we employ in 
measuring its velocity. As a result, it 
is not only the hypothesis Hi that is 
tested by the experiment, it is JTi and K. 
The logic of the crucial experiment there- 
fore is as follows : If Hi and K, then pi ; 
but Pi is false; therefore either Hi is 
false or K (in part or in whole) is false. 
Now if we have adequate grounds for be- 
lieving that K is not false, jffi is refuted 
by the experiment. Nevertheless, the 
experiment tests both Hi and K. If, in 
the interest of consistency, it is found 
necessary to revise some one or another 
of the assumptions contained in K, the 
crucial experiment must be reinter- 
preted, and it need not then decide 
against Hi. 

Every experiment, therefore, tests not 
only an isolated hypothesis, but also the 
whole body of relevant knowledge log- 
ically involved in it. If the experiment 
is claimed to refute an isolated h3rpoth- 
esis, this is because the other assump- 
tions relevant to it are believed to be well 
founded. But this latter belief may later 
turn out to be questionable or even mis- 
taken. 

This point is important enough to de- 
serve reinforcement by another illustra- 
tion. Suppose we wish to discover 
whether physical space is Euclidean, i.e., 
whether the sum of the angles of a phys- 
ical triangle is equal to two right angles. 
We select as vertices of such a triangle 
three stars, and as its sides the paths of 
light rays traveling from vertex to ver- 
tex. By making a series of measure- 
ments we can obtain the magnitude of 
each of the angles of this triangle. Sup- 
pose the sum of their several magnitudes 
is less than two right angles. Must we 
then conclude that Euclidean geometry 
is not truly descriptive of physical space! 
Not at all. At least three alternative ex- 
planations are open to us: (a) we may 
account for the difference between the 
theoretical and observed values in terms 
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of errors in measurement; (b) we may 
conclude that physical space is non- 
Buclidean; or, (c) we may conclude that 
the lines joining the vertices of the tri- 
angle are not straight lines, we may 
conclude that Euclidean geometry is 
physically true, but that light does not 
travel in Euclidean straight lines in in- 
terstellar space. If we accept the first al- 
ternative then, as descriptive of physical 
space, Euclidean geometry may be either 
true or false; if we accept the second 
alternative, we do so on the assumption 
that light travels rectilinearly, an as- 
sumption which, although supported by 
much evidence, is not indubitable ; if we 
accept the third alternative, it may be 
because we have evidence for denying the 
rectilinear propagation of light, or else 
because greater consistency is main- 
tained in the body of our physical knowl- 
edge as a consequence of this denial. 

“Crucial experiments,*' we again con- 
clude, are crucial against a hypothesis 
only in case we possess a set of assump- 
tions which we are unwilling to surren- 
der. But no guarantee can be given that 
some portion of such assumptions will 
not later be abandoned. 

In order that a hypothesis qualify as 
empirically true or verified, it must 
satisfy the following criteria : (1) it must 
be testaile; (2) it must be consistent; 
and, (3) it should be as simple as pos- 
sible. 

(1) The hypothesis must be testable: 
i,e,, it must prescribe some definite mode 
of operation, either of observation or of 
experiment, whereby its “truth" value 
can be tested. In operational terms, the 
hypothesis must be statable in such form 
as to prescribe specific operations which 
institute the phenomena (facts in the 
first sense) requisite to satisfy it. Be- 
cause it can not be translated into a defi- 
nite experimental operation, the hypoth- 
esis that “God is the First Cause of all 
events in nature" is untestable and hence 
is empirically meaningless. In contrast, 


Kepler’s laws of planetary motion are 
verifiable, because they lead to the dis- 
covery of events that satisfy them. 

Put otherwise, a hypothesis must be 
formulated in such a manner that deduc- 
tions can be made from it, and that a de- 
cision can be reached as to whether or no 
it explains the facts considered. This 
decision may be reached either directly 
or indirectly. It is reached directly 
when the hypothesis is testable without 
the mediation of other hypotheses de- 
ducible from or related to it, or when 
the hypothesis itself prescribes opera- 
tions that institute the data that satisfy 
it. The hypothesis that “H 2 O, under 
pressure of one atmosphere, will boil 
at 100 degrees Centigrade," or that, 
“Within certain limits, and under cer- 
tain specifiable conditions, the volume of 
a gas will vary inversely as the pressure 
exerted upon it," are verifiable in this 
direct manner. However, many h 3 rpoth- 
eses, especially the more general and 
fundamental of scientific laws, are veri- 
fiable only indirectly. The hypothesis 
must then be restated in such a manner 
that there are inferable from it other 
propositions which, supplemented by cer- 
tain mathematical and logical operations, 
institute data that verify the derived 
hypotheses. Thus the hypothesis that 
“The sun and the planet Mars attract 
each other proportionately to their 
masses and inversely as the square of 
their distances from each other" can not 
be confirmed directly by observation. 
But one set of consequences from this 
hypothesis, that the orbit of Mars is an 
ellipse with the sun as its focus, and that, 
therefore, given certain initial condi- 
tions, Mars should be observable at dif- 
ferent points on the ellipse at certain 
times, is capable of being verified. 

In any case, whether directly or indi- 
rectly, the h 3 rpothesis must suggest a 
definite operation of observation or of 
experiment, otherwise it is impossible to 
test and verify it. The hypothesis that 
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the uuiyerse is contracting in such a 
manner that all linear measures shrink 
in the same ratio is empirically meaning- 
less if it can lead to no operation from 
which observable consequences follow. 

(2) The hypothesis must also be con- 
sistent. For, as we have seen, a given 
experiment tests not only the particular 
hypothesis in question but also the body 
of hypotheses relevant to it. No hy- 
pothesis acquires cognitive status for 
science if the acceptance of it necessi- 
tates the surrender of other hypotheses 
already accepted as scientifically well 
grounded. Thus the hypothesis that 
“God created the world during a six-day 
period some thousands of years ago” is 
inconsistent with a large number of 
hypotheses now accepted as common- 
place truths in natural science. Thus 
the hypothesis that “Light waves or 
corpuscles are unaffected by gravita- 
tion” is inconsistent with differences 
recently discovered in measurements of 
the apparent position of a star when seen 
near the visible edge of the sim as com- 
pared to its position to the same neigh- 
boring stars when far removed from the 
sun. 

Consistency, while a logical relation, 
in no way implies logical deducibility. 
Two or more hypotheses are consistent 
with each other when their respective 
meanings are such that no one of them 
implies the negation of any other of 
them. Thus the hypothesis that “The 
helium atom consists of one proton and 
two electrons,” and the h3q90thesis that 
“Pleasure is the sole and constant object 
of human desire,” are consistent with 
each other. Indeed, two or more hy- 
potheses may be consistent with, yet logi- 
cally independent of, each other. For 
two hypotheses are independent of each 
other when they are such that the truth 
or falsity of either implies nothing as 
regards the truth or falsity of the other. 

Furthermore, a hypothesis must be 
consistent not only with the body of 


accepted hypotheses, it must also be con- 
sistent wi^ all the data (facts in the 
first sense) relevant to it. Precisely 
what data are relevant to a given hy- 
pothesis must be determined by the 
nature of the hypothesis on the one hand, 
and by the character of the data on the 
other. For example, a man is found 
dead in a room. Suppose it be decided 
that he came to his death by a gunshot 
wound in the head such that death must 
have been near-instantaneous. Suppose 
also that no weapon can be found on the 
premises and that signs of a struggle are 
in evidence. The hypothesis of “sui- 
cide” is then inconsistent with, i.e., it 
fails to explain, many of the relevant 
facts. Consider, to take another illus- 
tration, the nebular hypothesis of Kant 
and Laplace. For a time this hypothesis 
seemed to account for the motions of all 
the then-known bodies of the solar sys- 
tem. However, with the discovery of the 
retrograde movement of the eighth moon 
of Jupitur, another and relevant fact 
intruded which could not be accommo- 
dated to the hypothesis, in consequence 
of which the hypothesis was seriously 
questioned. 

(3) Lastly, a hypothesis should be as 
simple as possible; or, if two or more 
rival hypotheses seem equally well to 
account for the facts, then, other things 
being equal, the simplest of them is the 
truer. By simplicity is meant logical 
simplicity ; one hypothesis is simpler 
than another, not because it is more 
familiar or more easily learned than the 
other, but only when the number of in- 
dependent elements contained in it are 
fewer than those contained in or implied 
by the other. Thus the concepts of plane 
geometry are simpler than those of solid 
geometry, because the former involve 
configurations in but two dimensions 
whereas the latter involve configurations 
in three dimensions. Thus the law of 
gravitation is simpler than the Ptolemaic 
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system of concepts, since the latter pos- 
tulates a special hypothesis to account 
for each of the apparent motions of the 
bodies of the solar system. 

Simplicity possesses also a second 
meaning. While two hypotheses may 
both account for a given domain of facts, 
one may account for a wider range of 
facts than the other. The former will 
then be simpler than and, therefore, 
preferable to the other. Thus the helio- 
centric theory, especially as developed by 
Newton, is systematically simpler than 
the theory of Ptolemy. We can account 
for the succession of day and night and 
the seasons, for solar and lunar eclipses, 
for the phases of the moon and the inte- 
rior planets, for the behavior of gyro- 
scopes, for the flattening of the earth at 
the poles, for the precession of the equi- 
noxes, and for other events, in terms of 
the fundamental concepts of the helio- 
centric theory. While the Ptolemaic 
system of concepts can also be made to 
account for these phenomena, special 
hypotheses must be postulated in order 
to explain many of them, and many of 
these postulates are logically indepen- 
dent of the type of order taken as funda- 
mental. 

Indeed, it is this systematic simplicity 
which is sought in advanced stages of 


scientific inquiry. Unless we remember 
this, many changes now taking place in 
science will seem arbitrary. For changes 
in theory are often made for the sole 
purpose of finding some more general 
hypothesis which will explain what was 
theretofore explained only by two or 
more independent hypotheses. This is 
the chief advantage of Einsteinian over 
earlier hypotheses in physics. When it 
is declared that we should prefer the 
simpler of two theories, it is always sys- 
tematic simplicity that is meant. 

Yet it is often diflScult and sometimes 
even impossible to differentiate between 
the relative systematic simplicity of two 
hypotheses at an advanced stage of scien- 
tific inquiry. Is the Schrodinger wave 
theory more or less simple than the 
Heisenberg matrix theory of the atom! 
In case we can not decide, we must allow 
for an irrational esthetic element in our 
choice between them. But while there is 
thus an element of arbitrariness in our 
choice between rival theories, the arbi- 
trariness is limited, for the theory chosen 
is still subject to the other criteria of 
verification. Only in those cases where 
all criteria fail us can we truly say that 
the rival hypotheses are all equally veri- 
fied or unverified and hence are equally 
probable. 



GALILEO; PIONEER IN PHYSICS^ 


By Profeuor HBNRY CREW 

DSPABTMSNT OT PHYSICS, NORTBWESTEBN UNIVSBSITY 


Fifty years ago this month, a highly 
interesting group of scholars gathered in 
the city of Padua. The occasion was the 
three hundredth anniversary of Galileo’s 
first lecture before the already ancient 
university of that city. Delegates were 
present from the leading intellectual 
centers of Europe. Cambridge Univer- 
sity was represented by Sir George Dar- 
win, son of Charles Darwin, the great 
naturalist, and father of Sir Charles 
Darwin, now director of the National 
Physical Laboratory. Honorary degrees 
were conferred upon such men of sci- 
ence as Helmholtz, Kelvin, Tisserand, 
Schiaparelli, and our fellow country- 
man, Simon Newcomb. The public ad- 
dresses were in every way worthy of 
the man they celebrated — the last of the 
great Italians. 

Naturally one’s curiosity is aroused to 
learn just what any man could possibly 
have done in physical science three cen- 
turies ago to deserve such long remem- 
brance. The answer to this question 
most of you know as well as I ; some of 
you much better than I; for, in all the 
annals of science, no man has so often 
been tried before the public by historians 
and astronomers, as has Galileo. In the 
time allotted to me, I am hoping to say 
only a few words about the surround- 
ings under which the boy grew into man- 
hood, then a few more words about the 
mode in which he introduced the experi- 
mental and quantitative method, thereby 
creating the science of modem physics. 

iFrom the symposiiim on “Natural Philoso- 
phy” commemorating the 300th anniversary of 
Newton’s birth and Qalileo’s death which was 
to have been presented at the New York meeting 
of tho American Association for the Advance- 
ment of Science. Other papers of the sym- 
posium will appear in later numbers of this 
magazine. 


Let us step back just five short life- 
times of three score years and ten. We 
find ourselves at the close of the six- 
teenth century and near the end of 
Queen Elizabeth’s reign. The first great 
wave of the Reformation has passed, but 
the final military struggle between the 
Catholics and the Protestants — generally 
known as the Thirty Years War — ^has not 
yet begun. This is the period when ‘‘di- 
vinity doth hedge a king,” when natural 
science is limited to medicine and phys- 
ical science to astronomy ; when philoso- 
phy is still in the saddle and scholarship 
is confined to the clergy. The system of 
Ptolemy has been overthrown; but that 
of Copernicus has not yet been estab- 
lished. 

It was under circumstances such as 
these that Galileo was ushered into this 
stormy world on the fifteenth of Febru- 
ary, 1564, at the little city of Pisa. He 
had chosen good parents to be born of. 
The visitor in Florence who enters the 
large door of the church of Santa Croce 
finds himself standing over a marble 
slab covering the grave of a Galileo who 
had distinguished himself in medicine 
some two hundred years before the ad- 
vent of his famous descendant. The 
father of our Galileo was no ordinary 
man. For he was well known, not only 
as one who did his own thinking, but 
also as a composer of madrigals, an au- 
thority on counterpoint, a skilful per- 
former on the lute and a historian of 
ancient music. The originals of his more 
important works are to be found, even 
today, in our Library of Congress. Just 
now the father had fallen upon hard 
times: and was earning a scant liveli- 
hood for his family by giving music 
lessons. 
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It is not surprising that a lad, brought 
up with this background, should find 
himself a student in the University of 
Pisa at the age of seventeen. Here at 
the request of his father he enrolled as 
a student of medicine; and listened to 
the famous physician and botanist, 
Cesalpino. The major portion of his 
time was given to the doubtless dull task 
of reading what Hippocrates and Galen 
had said; but the boy's natural bent, 
towards mathematics and experiment, 
was too strong to allow him to pursue 
any farther the medicine of that day. 
And so, much against the wishes of his 
father, he shifted his attention to Euclid 
and Archimedes, designed a hydrostatic 
balance and played with the determina- 
tion of certain centers of gravity. It 
was exactly at this time that Maurolycus 
published a beautiful Latin translation 
of the works of Archimedes, a volume 
which, we may be sure, Galileo eagerly 
devoured much in the same fashion in 
which our late friend and genial spirit, 
A. G. Webster, brought himself up on 
Thomson and Tait and then proceeded 
to write a much better book on the same 
subject. 

These early mathematical studies, 
made in Florence, occupied a good part 
of the three years following Galileo's 
departure from the University of Pisa 
in 1585. And they served him well. 
For they not only brought him into con- 
tact with Father Clavio and the Marquis 
del Monte, two of the leading mathema- 
ticians of Italy, but they earned for him 
a lectureship in mathematics at the uni- 
versity from which he had so recently 
withdrawn — ^the university where he had 
just shown himself to be a radical in 
philosophy and a disputant of the first 
order. It was during this second period 
of his residence at Pisa that he took up 
the most serious pursuit of his life — the 
study of d 3 rnamics. Here he eagerly 
adopted the maxim of Aristotle which, 
in its medieval form, read Ignorato motu 


ignoratur natura. Here also he dis- 
played his faith in experiment rather 
than in peripatetic philosophy. There 
was no thought, even in these early 
years, of swallowing Aristotle whole. 
The famous demonstration at the Lean- 
ing Tower, about which so much has 
been written and so little known, also 
belongs to this period.* 

What is most certain about these few 
years at Pisa is that Galileo's frank ex- 
pression of opinion had made him per- 
sona non grata to some of his colleagues ; 
so that he was happy to accept, in 1592, 
the chair of mathematics in the Univer- 
sity of Padua — an institution which was, 
even then, older than Harvard Univer- 
sity now is. His eighteen years in this 
renowned seat of learning were a period 
of uninterrupted success; “the happiest 
of all my life" he calls them. 

His lectures at this time did not devi- 
ate much from those given in other Ital- 
ian universities. His principal topics 
were The Elements of Euclid, The 
Sphere, equivalent to our astronomy, 
The Almagest of Ptolemy, Fortifications, 
Perspectiva, which wo now call Optics, 
and Mechanics, 

The Copernican system was then a re- 
cent invention. That it was well known 
to Galileo and was accepted by him is 
shown by his private correspondence. 
"Why then," you ask, “did he not lec- 
ture upon it?" One can only guess 
that a young man of 28 is not anxious 
to borrow trouble or to share such 
derision as had recently been heaped 
upon Copernicus. Kepler's nova which 
flashed out brighter than Jupiter in 
1604 gave Galileo an excellent oppor- 

2 More than twenty years ago, Cajori and 
Partridge showed by cartful search that, if 
Galileo ever allowed two bodies, one heavier than 
the other, to fall from this tower, neither he nor 
any one of the witnesses present has left the 
slightest written account of the experiment. 
Professor Lane Cooper has indeed written a 
hundred-page volume in order to establish a 
thoroughly agnostic attitude of mind toward all 
stories and pictures of this dramatic event. 
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tunity to break down the Aristotelian 
view of the incorruptibility of the heav- 
ens; but he exercised great self control 
and continued to expound the Ptolemaic 
system until the invention of the tele- 
scope in 1609. 

One happy feature of academic life at 
Padua was that often a group of stu- 
dents working with some particular pro- 
fessor would live in the same house with 
him. Galileo lodged and boarded such 
a group of students. Some of these he 
employed in his workshop where his geo- 
metrical compass and other pieces of ap- 
paratus were manufactured. It is there- 
fore, not surprising that, immediately 
after learning of the invention of a tele- 
scope in Holland, he should ask himself 
what the optical combinations must be; 
or that he should at once put together 
a plano-convex and a plano-concave lens 
into what we would now call a long focus 
field glass. Nor is it surprising that in 
rapid succession he discovered the moun- 
tainous character of the Moon’s surface, 
the first four satellites of Jupiter, the 
‘Hriple nature” of Saturn, the phases 
of Venus and the spots on the Sun. The 
year 1609 — eleven years before the land- 
ing of the Pilgrim Fathers — will long be 
remembered not only for the invention 
of the telescope, but also for the an- 
nouncement, by John Kepler, of his first 
two laws — ^laws which, in a certain sense, 
completed the geometrical theory of our 
solar system. The mention of Kepler’s 
name reminds one of a surprising and 
unfortunate trait in the character (or 
perhaps in the mind) of Galileo, I refer 
to the fact that he never appreciated the 
monumental discoveries of Kepler. 

The recent revelations of the telescope 
which Galileo had announced in the 
Sidereal Messenger were fraught with 
many long results of personal signifi- 
cance. First of these was a generous 
increase in salary. The second was a 
cordial invitation to return to his native 
Tuscany as Philosopher and Mathema- 


tician to the ruling family — ^the Medici. 
Needless to say these two results were 
much more acceptable than the long 
train which followed. 

In 1610 he returned from Padua to 
Florence where the remaining 32 years 
of his life were spent in observation, 
experiment and reflection, interrupted 
only by brief visits to Rome. The re- 
sults of these labors are recorded, as you 
like, either in the splendid 20 quarto 
volumes of Favaro’s National Edition 
or in Galileo’s three outstanding books, 
namely. The Saggiatore, The Dialogue 
on the Two Astronomical Systems, and 
The Dialogue on Two New Sciences. 

The distance between Florence and 
Rome is not very different from that be- 
tween New York and Baltimore. Cov- 
ered by train or motor car, it is merely 
a pleasant jaunt. But, for Galileo, who 
never set foot outside of Italy, in spite 
of the fact that he had opened the doors 
of the heavens and had roamed the uni- 
verse, this journey was a considerable 
undertaking. He made the round-trip 
six times ; each excursion being an event 
of such importance that the rest of his 
story may, perhaps be told in terms of 
these journeys. 

I. An early first visit need not detain 
us; for it was made by the twenty-two 
year old student of mathematics in order 
to discuss with Fathers Clavio, Moletti 
and Valerio — three able mathematicians 
—certain problems upon which he and 
they had been working. 

II. In the spring of 1611, our astrono- 
mer — ^now a mature man of forty-seven 
— ^made his second trip in order to ex- 
hibit to the pontifical court some of his 
newly discovered celestial objects. In 
Rome, he was the guest of the Tuscan 
ambassador at the Medici palace on the 
Pincian Hill. His telescope was set up 
in the nearby gardens of the Quirinal 
palace which was, at that time, the sum- 
mer home of the Pope. 

Here a group of able cardinals and 
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monsignori saw the mountains on the 
Moon, the phases of Venus, the four 
moons of Jupiter and, by day, the spots 
on the Sun. The result was that, within 
the next two years, Galileo was called 
upon, by men high in church and state, 
to explain the ‘‘evident*’ contradiction 
between Science and Scripture. His re- 
plies to all these queries are marked by 
one essential thought, namely, “The 
Bible teaches us how to go to heaven; 
not how the heavens go.” Science and 
the Scriptures tell two independent 
stories. His own famous words are “Xa 
scienza ne sopra ne soito la fede, ma 
fuori della fede.^^ 

III. Again four years later, in Decem- 
ber of 1615, we find him on his third 
visit to Rome, urged this time by the 
desire to clear himself of charges which 
two Dominican monks in Florence had 
made to the Inquisition. This time he 
was cordially welcomed and eagerly 
listened to by del Monte and Bellarmini, 
two important cardinals; but they gave 
him semi-official warning not to indulge 
in theology. In particular, he was ad- 
vised not to “hold, teach or defend” the 
rotating earth or the fixed sun. Whether 
or not Galileo agreed to these conditions 
is not certainly known. In any event, 
this conference is generally known as his 
“first trial.” 

Rejoicing that no abjuration had been 
required, he returned to his home at 
Bellosguardo, a suburb of Florence, and 
entered upon a seven-year period of un- 
interrupted work. 

IV. Then comes his fourth trip in 
1624 — ^about the time when the Pilgrim 
Fathers had fairly established them- 
selves on the coast of Massachusetts. 
Father Grassi, a Jesuit astronomer in 
the Collegio Romano, had published in 
1619 a small volume in which he opposed 
Gallileo’s theory of comets and indulged 
in violent abuse of its author and of his 
school. The object of this fourth visit 
was to publish, through the Academy of 


the Lincei, a reply to Father Grassi. 
This reply, which he called II Saggiatore, 
is a tremendously clever piece of polemic, 
abounding in wit and humor. It was 
dedicated to his long time friend, Card- 
inal Barberini, now become Pope Urban 
VIII. One can easily imagine how little 
a publication of this kind enhanced the 
credit of the Florentine astronomer 
among the Jesuits. 

V. Six years filled with labor and ill- 
ness now elapse before the fifth journey 
to Rome is undertaken. The work ac- 
complished during this interval was the 
preparation and composition of the Dio- 
logue on the Copernican and Ptolemaic 
Systems, which for elegance of style and 
clearness of exposition remains unsur- 
passed. The purpose of this trip was to 
obtain an imprimatur for this Dialogue. 
He travelled by court litter and was 
handsomely entertained on the Pincian 
Hill at the home of the Tuscan ambassa- 
dor. His friend Urban VIII gave him 
not only six lengthy audiences but also 
a pension for his son. After long delay, 
the imprimatur was granted but only 
with certain humiliating conditions. The 
details are too long to be recited here. 
Suffice it to say that the book issued 
from the press at Florence in January 
of 1632. Its sale was prohibited in the 
following August. 

VI. In October of the same year, the 
Inquisition summoned Galileo to Rome, 
where he arrived in February of 1633. 
Previous trips were easy when compared 
with this one which was his sixth and 
last; for it was made in midwinter by 
a man of three score and ten, in feeble 
health, carried in a litter which was per- 
haps none too gentle. Once more he was 
the guest of Nicolini the Tuscan am- 
bassador. 

The charge against Galileo, at this 
second trial, was of course that he had 
defied the command of the Holy Office. 
This command was that he give up his 
belief in the double motion of the earth. 
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that is, its rotation on its axis and its 
revolution about the sun. On the 22d 
of June, 1633 — ^a memorable day — ^he 
was forced, under threat of torture, into 
the great hall of the Inquisition, at- 
tached to the church of Santa Maria 
sopra Minerva and was there made to 
read his recantation. 

Many various opinions have been ex- 
pressed, as you all know, concerning this 
recantation. My guess is that Galileo 
wisely acted upon the advice of his 
friend and host, Niccolini, who urged 
him to accede to the orders of the Inqui- 
sition and to say to them, not in so many 
words, but virtually and in his own mind 
‘‘Well, if you say that the earth does not 
move, it must be so 1 And there’s an end 
of the whole matter.” 

Can anyone believe that this aged 
scholar, travelling along his via dolorosa, 
had forgotten what happened to that 
courageous soul, Giordano Bruno, when, 
only a few years back and only a few 
city blocks away, the flames consumed 
his poor bodyt Does anyone imagine 
that Galileo had forgotten his first love 
among the sciences? Is it possible that 
the unfinished work on dynamics, upon 
which he was to spend the remaining 
years of his life, had completely slipped 
his mind f He had given the Inquisition 
a respectful acquiescence ; but the matter 
of inner assent was his own affair. Ob- 
viously he was neither hero nor martyr 
of science in the ordinary acceptation of 
those terms. I like to think of this sec- 
ond trial not as a battle between science 
and religion but as a contest between sci- 
ence and Aristotelianism. I entertain 
also a high respect for that ancient Chi- 
nese proverb which maintains that a wise 
man adapts himself to circumstances as 
water shapes itself to the vessel which 
contains it. 

July of 1633 finds this lonely man 
starting north again defeated but un- 
daunted. This time he stops on the way, 
at Siena, to spend a few months with 


his trusted friend, Archbishop Picco- 
lomini. So that it was not until Decem- 
ber of 1633 that he completed his last 
trip to Rome and reached his little villa 
at Arcetri where, in strict seclusion, he 
spent the years that were left. 

But these years, during which the 
greatest living man of science was con- 
fined at home by decree of the Holy 
Office, as well as by illness and by old 
age, make up one of the remarkable 
periods of his life. ‘‘Here it was,” says 
the young Milton just out of Christ’s 
College, Cambridge, ‘‘that I found and 
visited the famous Galileo grown old, 
a prisoner to the Inquisition for think- 
ing in Astronomy otherwise than the 
Franciscan and Dominican licensers of 
thought.” Here in his declining years, 
not many yards away from the little 
convent of San Matteo where his two 
daughters had taken the veil ; here where 
nearly all his family had perished in the 
recent plague; here, in humiliating and 
discouraging circumstances, he takes up 
the science to which his early years were 
devoted, the science to which his contri- 
butions showed the highest originality 
and the utmost importance. 

His interest in mechanics, which ap- 
pears to have been life-long and un- 
broken, culminated in the Two New Sci- 
ences — the work for which he will prob- 
ably be longest remembered. The entire 
volume is based upon the assumption 
that terrestrial and astronomical phe- 
nomena are to be explained in mechan- 
ical terms — an assumption which has 
been out of date since the close of the 
nineteenth century, but one which many 
twentieth century physicists admit to 
have been helpful in its day. 

Harry Lauder, you know, insists that 
World War No. 1 was won mainly by 
the Scotch regiments, but admits that 
the French, English and Americans 
rendered important assistance. 

This last book of Galileo’s is in the 
form of a dialogue which offers great 
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freedom to introduce new topics and 
permits the easy give-and-take of an 
after-dinner group in a club corner. 
The early part of the work is devoted 
to what we now call strength of mate- 
rialS) bending moments of beams and di- 
gressions upon such various topics as the 
harmonies of the major chord, the defi- 
nition of an infinite quantity and the 
velocity of light. So far as I have been 
able to learn, his picture of an infinite 
quantity, as one which is so large that 
a part of it can be placed into a one-to- 
one correspondence with the whole of it, 
is original and also basal to the later and 
more complete view of Cantor, Bolzano 
and Dedekind. His method of measur- 
ing the speed of light by sending a 
luminous pulse to a distant observer to 
be returned by him is of course valid 
only in principle; but the principle is 
precisely the one which was so admirably 
perfected by Fizeau and the late Pro- 
fessor Michelson. 

The latter part of the book is given 
over to a description of what was then 
known as ‘‘local motion’^ — a striking 
term which harks back to ancient days 
when motion meant change; and hence 
local motion meant change of position. 
The idea appears to survive in our word 
locomotive, Galileo aims to describe 
only those motions which occur in na- 
ture; so he begins with freely falling 
bodies; “dilutes’^ gravity by use of an 
inclined plane ; proves by experiment the 
constancy of gravity for a bronze ball; 
and then by use of a hollow pendulum 
establishes the remarkable fact that 
gravity is constant for all substances. 
Uniformly accelerated motion having 
been identified with naturally acceler- 
ated motion, the other laws of falling 
bodies follow easily and immediately. 

The vector idea he introduced into 
mechanics by use of the inclined plane ; 
and by comparing the increasing mo- 
mentum of a body rolling down such a 
plane with its constant momentum as it 


rolls along a horizontal plane, he distin- 
guished between the behaviour of a body 
which is acted upon by a force and of 
one which is free from force. He thus 
led directly to our modem definition of 
force as the rate of change of momen- 
tum. But the idea of a body under no 
force moving with uniform momentum 
is, of course, nothing else than Newton ^s 
First Law of Motion. His introduction 
of time as a variable which can be mea- 
sured and represented by a distance laid 
off on an axis is, so far as I know, an en- 
tirely new and important step. 

The last chapter of the Two New Sci- 
ences is devoted to the motion of projec- 
tiles. The maximum range in vacuo is 
quickly established as one having an ele- 
vation of 45° ; but most important of all 
is his remark that “such motions and 
velocities as these combine without alter- 
ing, disturbing or hindering each other. 
This statement is such a close approxi- 
mation to the second law that Newton, in 
the Principia, distinctly credits Galileo 
with the discovery of the first two laws 
of motion, reserving for himself only the 
third. Galileo ^s complete abandonment 
of all metaphysical considerations, his 
refusal to ask why bodies fall and his 
insistance upon discovering how they 
fall has made this Italian physicist a 
model for all subsequent investigators. 

In conclusion it may be said that the 
science of mechanics owes to this pioneer 
not only the first two laws of motion but 
also the modern definition of force as the 
rate of change of momentum. Just how 
new and radical these ideas were can be 
conceived only by one who has ac- 
quainted himself with the then current 
peripatetic notions on the same subject. 

The distinction between mass and 
weight was a later step, reserved for 
Huygens. Impulsive forces and tides 
were also beyond the ken of Galileo. 
These two puzzles were first robbed of 
their mystery by Galileo’s great sue- 
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cessor whose birthday is being celebrated 
this year. 

In this connection, may I say that the 
contrast between Newton and Galileo is 
not altogether pleasing. The Italian was 
bom under circumstances which bor- 
dered on poverty and spent his boyhood 
in the narrow confines of the city; the 
Englishman began life in affiuent sur- 
roundings and roamed freely over the 
lovely countryside of Lincolnshire. The 
one found a university career possible 
only by the endurance of great privation 
and left it incomplete because of un- 
pleasant associations; the other enjoyed 
fellowship and freedom, companionship 
and comfort in one of the leading in- 
stitutions of his country. The one found 
his work opposed by the church and 
plagiarized by his fellow countrymen; 
the other was rewarded by a distin- 
guished professorship and honored by 
political preferment. Late in life one is 
still hounded by the church; the other 


is elevated to the presidency of the lead- 
ing scientific academy of the world. 

Tet, with all these , odds against him, 
Galileo spent his life in the study of 
motion, a subject which had been left un- 
touched by his great predecessors, Eu- 
clid, Archimedes and Apollonius. The 
path which our pioneer cut through the 
forest, 300 years ago, was precisely the 
one followed by Huygens and Newton — 
the one which led unerringly to that field 
which is now cultivated under the name 
of physical science. 

Responsibility rests upon science as 
never before. In our present crisis we 
depend mainly upon physics and biol- 
ogy. Our fate is in the hands of the 
young manhood of the United Nations. 
They are employing three great powers 
science, economics and politics. Can 
anyone doubt that they will reestablish 
the freedom of international thought 
and individual enterprise in both hemi- 
spheres t 


VISION, HEARING AND AERONAUTICAL 

DESIGN 

By Coaunander LEON D. CARSON, Profeaaor WALTER R. MILES 
and Dr. S. S. STEVENS 

MEDICAI, BXSIASCH 8KOTION, BOTlEAn Or AEBOMAXmcS, U. 8. NAVT; TALK UNIVXBBITT 80a00L Or 

MBDIOUnC; HABTABD UMIVZB8ITY 


It is principally through the sense of 
vision that pilots are aware of the nature 
of terrain, weather conditions, the ter- 
restrial orientation of their aircraft, and 
the position and movements of enemy 
planes. Even so-called ‘ ‘ blind flying ’ ’ is 
primarily a visual function. Here the 
“contact" is transferred from the hor- 
izon and ground objects to the special 
instruments upon the panel. Hearing 
likewise is of critical importance to mili- 
tary flyers in that command information 
and assistance from ground control sta- 
tions must be audible over the communi- 
cation system. Also intercommunication 


systems within aircraft must function as 
the principal means of maintai ning 
prompt and coordinated action of mem- 
bers of air crews in carrying out mili- 
tary missions effectively. These facts 
are generally known and accepted by 
plane designers. However, engineering 
success in providing for ease of seeing 
and ease of hearing is quite variable, and 
these basic pilot requirements merit our 
continued attention. 

Take, for example, the almost com- 
plete blanking off from vision of an area 
directly ahead of the pilot when a plane 
changes its normal flight attitude to a 
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landing attitude. This is particularly 
vicious in the case of fighter aircraft 
with large air-cooled engines in the nose 
of the ship; and the condition has re- 
sulted in a great number of avoidable 
landing, taxiing, and take-off accidents. 
Aircraft carrier accidents have undoubt- 
edly resulted from this blanked off area, 
in spite of the fact that a landing signal 
officer is supposed to direct the landing 
properly. Mirror refiections of the area 
immediately ahead of the plane could be 
provided. Tricycle landing gear on some 
few aircraft have done much to benefit 
this blindness due to radical change in 
plane attitude. 

Engineers are no doubt aware of the 
desirability of placing pilots, observers 
and gunners as near as possible to the 
transparent panels through which they 
must get their visual impressions. The 
nearer the eye is to the window, the 
larger the visual field that can be seen 
through it, or for a given angular field, 
the smaller the window needed. The 
ordinary spectacle lens one and a half 
inches in diameter gives the wearer an 
uninterrupted view of almost 90®. Close 
proximity to airplane windows also 
makes for clear visual fields; (1) it is 
easier to provide the requisite trans- 
parent area free from obstructing pil- 
lars, panel joints, and opaque acces- 
sories; (2) marks, specks, and scratches 
on the window surfaces are less bother- 
some because they are out of focus ; and 
(3) when near the window, the observ- 
er’s head makes an area of shadow which 
is helpful, particularly at night, since 
it blocks off reflections from the inner 
surface. 

The Gunner’s Visual Problem 

The position of gunners in relation to 
windows is especially worthy of con- 
sideration. We may take a hypothetical 
set of measurements for discussion. The 
gunner’s eye must be about nine inches 
behind the gun sight; the sight is twenty 


inches from the aiming panel; the gun- 
ner’s seat is therefore placed against the 
back wall of the turret, and the space in 
front of him is well filled with gun sup- 
porting and operating structures. The 
aiming panel is a beautifully clear, op- 
tically perfect surface 14 x 14 inches. 
The engineers are to be congratulated 
on this window, but not on the position 
of the gunner. For him the situation 
resembles that met in tunnel vision. His 
eyes are 29 inches away from this superb 
window which can provide him with a 
view of only 28® of the full 60® to 90® 
that are so critically needed. 

The aiming panel must of course be 
well mounted, and this calls for a rather 
heavy metal frame. Sometimes it is as 
much as two inches wide. Other small, 
usually curved windows border the aim- 
ing panel, and each of these must have 
or share a frame with adjoining windows 
or wall structures. When the guns are 
in front of the gunner, sections of the 
mounting structure, brackets, electrical 
switches, etc., frequently have locations 
which obscure portions of the windows 
from the gunner’s eyes. The total effect 
is a lattice windom with the lattice pre- 
dominating over the clear space in some 
instances. From the gunner’s view, 
through a particular panel, a total of 
only 25 per cent, is unobstructed to 
binocular vision; 53 per cent, is totally 
obstructed; 22 per cent, is obstructed 
for one eye. Juliet could manage to get 
an eye full of Romeo through a lattice 
window, but our gunner is not cast in 
the role of a shy lover. For him the ir- 
regular lattice is a hazard to vision and 
life. It is true enough that through the 
lattice he can see a lot of landscape as 
he looks from one opening to another. 
What he needs to see, however, is mov- 
ing planes. When his eyes catch sight 
of one, they try to follow it. This is done 
by a special kind of coordination in the 
action of eye muscles and is known as 
pursuit eye movement The eye actively 
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glides along at a rate set by the visual 
target and appropriate to keep it in 
clearest possible view on the fovea. Visi- 
bility of the moving target is essential 
for this type of seeing. Whenever the 
moving target momentarily disappears, 
as happens when it passes behind opaque 
lattice areas, the pursuit movement is 
immediately stopped. The eye jumps to 
the far edge of the obstruction and waits. 
When the target emerges, a new pursuit 
movement must be organized by the ner- 
vous system. This necessarily costs an 
average delay of fifteen hundredths of a 
precious second before clear pursuit 
vision can be reestablished. The gun- 
ner is of course not completely blind 
during this interval, but his visual effi- 
ciency on the moving target is hampered 
by every opaque gap across which he is 
compelled to operate. 

In turrets where the guns may be 
mounted at the sides and rather low 
down, it should be possible to reduce the 
amount of structure in front of the gun- 
ner and to bring him forward much 
nearer the front panel. This will in- 
crease his angle of uninterrupted view, 
make visual pursuit of his targets easier, 
and reduce the blinding effect from the 
flashes of his own guns. 

Vision Inside the Cockpit 

Inside the cockpit we usually observe 
a confusing multiplicity of instruments 
and the lack of a suitable grouping of 
essential flying instruments according to 
a well planned pattern for visual per- 
ception. For purposes of night flying 
where visual function is largely depen- 
dent upon maintenance of dark-adapta- 
tion of the eye, instrument panels in 
general are subject to the following 
serious faults : 

(1) There is too large an illuminated 
area. Instruments which are referred to 
infrequently are constantly illuminated. 

(2) The color of the transmitted or re- 
flected light from these instruments is 


usually not of the spectral band least 
disturbing to night vision. 

(3) Intensity as well as total area of 
illumination is considerably too high. 
This is usually a criticism equally ap- 
plicable to direct or indirect lighting, 
radio-luminous, or fluorescent marked 
instruments. The only light which can 
be controlled easily both as to spectral 
character and brightness level is indirect 
red light. The use of a spectral red 
whose transmission band lies in the region 
of 600 millimicrons is recommended for 
instrument lighting. The intensity of 
such light may be permitted to vary con- 
siderably without adverse effect upon 
night vision. 

Transparent cockpit enclosures, al- 
though of fairly clear optical plastic, 
discolor with exposure to sunlight ; some 
of them become finely checked due to 
temperature changes and vibration. 
Nearly all of them are capable of being 
scratched too easily, and the result is 
interference with vision. Measurements 
of visibility through plastic windows, 
compared with bullet-proof glass and 
with open cockpit view, show that the 
glass produces a slight loss and that the 
loss from the plastic may be five or six 
times as much. Flat panes consistently 
provide better visibility than do curved 
plastic surfaces, but they may also give 
an increased drag. A compromise must 
be made between visibility and aerody- 
namic considerations. Rapid strides in 
development of better plastics are being 
made, and it should be possible soon to 
mold transparent cockpit enclosures of 
better grades of optical plastics in one 
piece. Surface hardening of such 
molded parts is desirable. Close atten- 
tion should be given to reducing inside 
reflections which are particularly troub- 
lesome from concave surfaces. 

In military aircraft we often And that 
vision forward and to either side is 
fairly well provided for but that even 
though the pilot may have the usual 
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well-developed rubber neck, he is handi- 
capped by certain design features of his 
plane in seeing what may be above or 
aft. It is often forgotten that in actual 
combat pilots refuse to leave the green- 
house closed and must therefore use 
goggles. Any fixed aperture made avail- 
able for the pilot's face should not be too 
small to permit use by a bespectacled or 
goggled aviator. 

Airsickness and Vision 

Airsickness of passengers and crew 
may result from unavoidable motion 
stimulation of the vestibular mechanism 
of the ear, from rapidly changing gravi- 
tational forces acting on viscera, muscles, 
and joints, and from apprehension and 
past unhappy memories of plane travel. 
All of these upsetting stimuli are as a 
rule less disturbing if those affected can 
see out and establish visual contact with 
the horizon, with cloud formations, and 
with the ground scene below. We should 
remember the old instructions to novices 
in flying, “Never look at the up wing; 
watch the down wing." Many troop- 
carrying glider craft afford virtually no 
opportunity to look out and establish 
visual contact beyond the plane. To ar- 
rive at the scene of battle with a load of 
thoroughly ill troops contributes nothing 
to fighting morale and effectiveness. A 
part of the answer to this difiQculty is — 
don't require passengers and crew to fly 
blind. 

Hearing Suffers More than Sight 

The ears more than the eyes are sub- 
jected to environmental stress through 
flying. It seems to be true of modem 
aviation that every time the engineers 
increase the power and speed of our air- 
planes, the ears of the pilots take a 
greater beating. Although the ear is a 
magnificent little mechanism — the most 
intricate mechanical structure in the hu- 
man body — ^it is a rather delicate device 
and one which seems ill designed for 


modem war. But the ear has gone to 
war, along with the rest of the soldier, 
and we are compelled to admire the ser- 
vice it renders in the face of acoustic 
stress. 

Airplanes have always been noisy, and 
they are becoming noisier. A thousand 
horsepower fed into a propeller is able 
to agitate the atmosphere in a thunder- 
ous manner, and when the engine deliv- 
ers two thousand horsepower the din is 
doubled, or actually more than doubled, 
because as the tip speed of the propeller 
increases a larger proportion of its driv- 
ing energy is converted into sound. 
When this energy pounds on the ear, it 
is striking a mechanism so sensitive that 
less than one quintillionth of a horse- 
power is needed to produce a faint sen- 
sation of hearing. In addition, more 
horsepower means more speed and hence 
more turbulence about the ship. It is 
this turbulence of the slip stream over 
the wings and about the fuselage that 
produces the distressing, high-frequency 
random noises which sound like a mighty 
“shhhhhh." In some respects the noise 
from the turbulence about the plane is 
more of a problem than is the noise from 
the propeller itself. This is demon- 
strated in planes which do not have pro- 
pellers. Contrary to popular notions, 
the interior of a glider plane moving 
at about 150 miles per hour is a very 
noisy place. The noise level is about 115 
decibels, and conversation in such a place 
is diflScult, if not impossible. 

In any really fast moving vehicle the 
noise is random, that is to say, all fre- 
quencies of the spectrum are present. 
When we listen on the ground to a plane 
high overhead we hear only the low fre- 
quencies of the propeller. But inside 
the plane it is deferent; there we hear 
all frequencies added together at once, 
producing a noise which is to sound what 
white light is to light. And as a general 
rule, the greater the speed, the “whiter" 
the noise. Also as a general rale, the 
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whiter the noise, the more objectionable 
it is to the ear. ‘‘White'' noise is ob- 
jectionable for three reasons: it is dis- 
agreeable, it produces temporary deaf- 
ness, and it spoils communications. 

That white noise is annoying needs 
little argument. No one has been found 
who really enjoys it. It is true, however, 
that our attempts to prove that long 
exposure to intense airplane noise is 
damaging to human efficiency have pro- 
duced essentially negative results. 'VWien 
adequately motivated, a man can code 
a message, add columns of figures, coor- 
dinate his movements, react to a signal, 
etc., about as well after eight hours in 
a noise of 115 decibels as after a similar 
period in the quiet. Despite this remark- 
able experimental result, our subjects all 
report that they find the noise unpleas- 
ant, and they are happy when it is 
turned off. 

Temporary Deafness 

That airplane noise produces deafness 
is a well known fact. In normal ears 
this deafness shows two characteristics: 
it is restricted more or less to the high 
frequencies, and fortunately, it is usu- 
ally temporary. After eight hours in an 
airplane noise of 115 decibels, the normal 
ear shows a hearing loss of about 40 deci- 
bels in the region of 4,000 cycles. It has 
sometimes been supposed that low-fre- 
quency airplane noise produces high-fre- 
quency hearing loss. On the contrary, 
it is the high-frequency components of 
the noise that produce the high-fre- 
quency loss. The ear, for some unknown 
reason, is more vulnerable at these high 
frequencies. 

Recovery from a 40-decibel hearing 
loss usually occurs in about 24 hours. 
The recovery is rapid at first and then 
proceeds more slowly. About half of the 
loss is regained by a normal ear in the 
first three hours after exposure. Some 
ears apparently do not have this power 
of recovery, and repeated exposure to 


noise leaves them permanently deafened. 
Although we usually blame the noise for 
such deafness, there is a question as to 
whether the ear itself is not the real cul- 
prit. At any rate, many ears appear to 
develop high-frequency deafness without 
excessive exposure to intense noise. 

Improvement of Communications 

The most important practical effect of 
airplane noise is the masking of com- 
munications. Not only is conversation 
impossible in some planes, but even over 
radio and interphone speech signals are 
often masked beyond recognition. Ar- 
ticulation tests have shown that with 
much of our standard military inter- 
phone equipment a listener is able to 
understand only about 50 per cent, of 
the words spoken in the presence of an 
airplane noise of 120 decibels. Over the 
same interphones more than 95 per cent, 
of the words are understood when there 
is no ambient noise present to interfere 
with the speech. 

The difficulty of communicating under 
the handicap of airplane noise calls for 
vigorous remedies. Constructive mea- 
sures can be applied in three general di- 
rections : 

First, the plane can be quieted to some 
extent, either by improved aeronautical 
design or by the application of sound 
absorbent materials. Acoustic treatment 
that is light enough to be tolerated in a 
plane does not appreciably reduce the 
overall noise level. It does, however, 
change the spectrum of the noise by re- 
ducing the intensity of the high-fre- 
quency components. Hence, the noise in 
an acoustically treated plane is less 
“white" and therefore less bothersome 
than the noise in an untreated plane. 
Tests have shown that, for the same over- 
all sound intensity, conversation person- 
to-person is relatively easy in a treated 
plane but quite impossible in an un- 
treated one. 

The second remedy calls for an im- 
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provement in the response character- 
istics of the communication equipment 
itself, especially of the microphones and 
earphones. A loud noise does not inter- 
fere with intelligibility nearly so much 
when instruments of high fidelity are 
used. But with microphones that have 
non-linear distortion and with earphones 
that at some frequencies are sharply 
resonant, the eflEect of an airplane noise 
of 120 decibels is to reduce the intelligi- 
bility of speech by 30 to 40 per cent. 
High-fidelity equipment is not yet being 
widely used in airplanes, although a few 
major improvements are now in process. 
Complete overall high fidelity from mi- 
crophone to earphone must be achieved 
if speech is to be transmitted to and 
from our most modern airplanes. 

The third remedy called for by the 
noise problem is the shielding of the 
microphone and the earphones from the 
noise. The oxygen mask could be so 
designed as to shield the microphone 
from the ambient racket, but many 
otherwise excellent masks suffer from 
acoustic defects. This problem is now 
under study, and improved noise shields 
for hand-held microphones are being de- 
veloped. The earphones and the ear of 
the listener can be shielded from the air- 
plane noise by means of an acoustic 
socket designed to provide a tight seal 
against the side of the head. In present 
military equipment this provision has 
been neglected, but improved devices 
are now in production. Some of these 
ear protectors serve to reduce the un- 
wanted sound in the aviator’s ear by 20 
to 50 decibels. 

Conclusions 

In general, it can be said that the 
problems raised by intense ambient 
noise are serious but not insoluble. Ju- 
dicious use of sound treatment in the 


plane, conversion to high-fidelity micro- 
phones and earphones, and the develop- 
ment of acoustic devices to shield the 
mouth and the ears of the personnel will 
permit the aviator to carry on in the best 
noises which the aeronautical engineers 
are now planning to produce. 

The flying and efficient fighting of 
modern planes is largely dependent on 
the special sense of vision. The eyes 
fortunately suffer no great decrement in 
function from the swift movement or 
high and changing elevation of the air- 
plane. Vision is adequate to the basic 
task assigned to flying personnel. The 
chief difficulty is in providing for opti- 
mal visibility through the structures of 
the plane and for continuous visual 
check on the environment surrounding 
it in both day and night flying. Ideal 
visual conditions are not wholly attain- 
able because of aerodynamic and struc- 
tural necessities. However, we should 
make the effort to gain all possible visual 
advantages. The problem is a continu- 
ing one and offers important strategic 
possibilities. 

Both seeing and hearing, if accompa- 
nied by prolonged attentive effort, espe- 
cially under conditions of unfavorable 
plane design, are capable of contribut- 
ing to pilot and air crew fatigue and loss 
of efficiency. It has been proved worth- 
while to give the airplane engine an ade- 
quate combuslive mixture by super- 
charging and to pay special attention to 
protecting the oil in the engine against 
“foaming” at high altitudes and re- 
duced barometric pressures. It is prov- 
ing and will prove worthwhile to con- 
sider the flyer’s eyes and ears and the 
rest of his very mortal body and to 
reduce in every possible way the ten- 
dency to physiologic and psychologic 
“foaming” in him. 
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All human beings face the struggle 
with nature for the material goods neces- 
sary for the maintenance of life, bodily 
health, and the avoidance of pain and 
premature death, for the understanding 
of the physical and biological laws under- 
lying the interaction between organisms 
and their environment, which in the 
widest sense comprises the universe. 
But in addition, they face difficulties 
and obstacles in their social life, in com- 
petition with other human beings for 
material and psychical goods, in con- 
flicts between different systems of tradi- 
tion, suggestion and thought. Thus they 
have to face not only the natural struggle, 
but also the social struggle, and the latter 
is perhaps the more subtle and far reach- 
ing one as far as individual satisfactions, 
happiness or unhappiness are concerned. 
Here, they face the mental pain caused 
by doubts as to their justification or guilt 
in these conflicts, caused also by the suf- 
fering they avoidably or unavoidably in- 
flict on others and the suffering which is 
inflicted on themselves, and here too they 
face the necessity of maintaining their 
personality in balance with that of others. 

Confronted by the social struggle, the 
investigator in the biological and medical 
sciences, like other human beings, can- 
not help but make observations and in 
a certain respect even carry on experi- 
ments in regard to the more general 
problems of living, which affect him both 
as an individual and as a social being; 
indeed life itself is but a series of consecu- 
tive experiments. However, not infre- 
quently one meets eminent men of science 
who doubt the advisability of students 
of the exact physical or of the experi- 
mental biological sciences of giving their 
attention to the analysis of social phe- 


nomena in which the accuracy of the 
more basic sciences can apparently not 
be achieved. But our observations and 
conclusions here, as in the more exact 
sciences, may be true or false, and the 
criteria which are used for testing the 
truth are the same as those used in 
science. 

There are others who are critical of 
such studies, because they may lead per- 
haps to the formulation of abstract prin- 
ciples, playthings of tlie mind, but are 
quite incapable of meeting directly the 
pressing needs in our social life. Yet 
true thoughts, even if they are not di- 
rectly applicable to practical life, may 
be useful in suggesting directives for 
further thoughts, which ultimately will 
find application in daily life and which 
then will perhaps be found more far- 
reaching in their effects than the short 
cuts to near-ends desired by the more 
practically minded person. It may be 
that medicine, whose primary function 
it is to procure health, to delay death, 
and thus to aid man in his natural strug- 
gle, may take a leading part also in 
bringing about a mitigation of the sever- 
ity of the social struggle. 

Medicine in the course of time has 
dissociated itself from magic and has 
become an applied science of physiology, 
biochemistry and pathology. But it has 
progressed further; making use of psy- 
chology, it now treats the individual as a 
whole, his body as well as his mind. The 
interests of medicine continue to expand ; 
the physical and psychical aspects of in- 
dividuals can not be separated from their 
social background, from their customs, 
traditions, standards of social judgment 
and economic conditions. Medicine, 
therefore, includes in its sphere of inter- 
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est also sociology and makes use of the 
data this science has secured. And see- 
ing further into the future, there may 
perhaps be a time when the physician 
will become the statesman, who, with the 
help of the engineer and economist, will 
direct the policies of whole communities, 
national and international, and when the 
statesman will essentially be a physician 
whose task it is to attend to the physical 
and mental health of the community. 
Thus medicine will be the science of man, 
applied to the maintenance of his physi- 
cal and mental health, and it will then 
become evident that the problems of 
statesmanship will, to a considerable ex- 
tent, be the same as those with which the 
physician has to deal in taking care of 
the individual; the statesman will, how- 
ever, deal with the problems of the 
larger communities. 

Such an extension of the function of 
the physician presupposes that it is pos- 
sible to understand and in some degree 
foresee the action of individuals and of 
groups of individuals. But there are 
several criticisms which science in gen- 
eral, and medicine in particular, has to 
meet in this respect. It has been main- 
tained that the action and attitudes of 
human beings are determined primarily 
by their genetic constitution and that 
inasmuch as no two individuals have the 
same genetic constitution, the actions of 
human beings cannot be foretold. More- 
over, past experiences, which likewise 
influence human actions, differ in each 
individual. A science of human atti- 
tudes which could be practically ap- 
plied, could not, therefore, be created. 
This conclusion is strengthened by the 
suspicion that knowledge in itself of a 
thing or relation will alter our attitude 
toward the latter and this again would 
render our actions unpredictable. 

These arguments are not valid. All 
our bodily functions and structures are 
determined by genetic factors, yet we 
have been able to go very far in gaining 
an understanding of the structure and 


function of organs and tissues, as well 
as of the whole organism. Besides, it 
can be shown that human actions and 
attitudes, at least as far as they are of 
social significance, are to a great extent 
determined by environmental, psychical 
factors rather than by genetic factors, 
and that experiences, while different in 
each individual, consist in all of them of 
similar social-psychical elements. It is 
the suggestions which we received espe- 
cially in our childhood, by means of 
words or actions from persons who im- 
pressed us deeply, or from those with 
whom we associated in play or study, 
which greatly influence our attitudes 
even in later life, and these potent sug- 
gestions, after all, are restricted in num- 
ber and in kind. Thus we may expect 
that the more we study the behavior of 
individuals the more we shall find in it 
a certain lawfulness, the more we shall 
recognise the existence of definite types 
and combinations of types and of situa- 
tions which make possible predictions as 
to the motives and probable actions 
under a given social environment, and 
the more we shall learn how these actions 
may be influenced and modified. As to 
the manner in which knowledge of a con- 
dition affects our attitude towards the 
latter, even this appears to be subject to 
precise laws, which it will be possible to 
formulate and make serviceable in every- 
day life. 

But there is another objection which 
applies specifically to medicine. It has 
been maintained that medicine instead 
of improving the human species by creat- 
ing a better stock, on the contrary, 
causes its deterioration by nurturing the 
weak and inferior beings and allowing 
them to propagate. Further, it has 
been said that science in creating an in- 
dustrial civilization and making possible 
the production of luxuries and rapid 
means of communication, has softened 
the individual and rendered him less 
hardy and less able to withstand the 
hardships of life ; it has made him super- 



454 


THE SCIENTIFIC MONTHLY 


ficial, nervous and discontented. As to 
the criticism that the practice of medi- 
cine causes a deterioration of the human 
stock, no proof of this has been given ; if 
it has occurred at all, the proof that it is 
due to the nurturing of the inferior mem- 
bers of the human society could be given 
only after elimination of unfavorable 
environmental factors. In regard to 
the breeding of a superior human race, 
it seems that medicine, as well as biology 
in general, faces a very complex prob- 
lem. A human individual is a mosaic 
of an extremely large number of con- 
stituent parts, each of which may be 
inherited in its own specific manner. 
Some of these constituents determine 
physical functions of various kinds, 
which make for strength and resistance 
to disease, while others make for various 
types of weakness and physical inferi- 
ority, and the same complications exist 
in regard to mental and moral determin- 
ers of the individual. Back of the ob- 
vious advantages and strong points seen 
in an individual there may be hidden 
undiscovered shortcomings, and in a 
pattern in which inferiorities are quite 
patent there may be some fine and most 
desirable qualities which are not recog- 
nized. It is easy to breed race horses, 
good milk cows, chickens for egg laying ; 
the selection is made here not for indi- 
viduals that excel all around and have 
worth in their own right, but for a single 
separate characteristic, chosen by mem- 
bers of a strange, dominating species for 
their advantage. There is a further 
diflSculty. Many of the less advantage- 
ous genetic factors are recessive and 
hence are covered up in persons who ap- 
pear to have a good constitution. These 
individuals therefore continue to trans- 
mit these unfavorable characteristics to 
their offspring and the prevention of 
breeding by those in which the undesir- 
able character becomes manifest would 
not very noticeably diminish the fre- 
quency of its occurrence among the re- 
maining population. Furthermore, even 


if we were able to breed human beings 
selectively, it should be done not merely 
for the purpose of propagating the most 
perfect physical specimens, but espe- 
cially with the view of creating beings 
sensitive to ethical values and capable of 
intellectual attainments. And lastly, by 
applying crude methods of, breeding, 
similar to those used in animal breeding, 
there is the danger of lowering the sig- 
nificance of the individual and of psy- 
chical values which are of the greatest 
importance to all, and this might entail 
a depreciation of ethical standards more 
than offsetting any benefit which could 
be obtained by such a policy. If we con- 
sider this problem from the point of view 
of the pathologist, the number of dis- 
eases or of physical and mental defects 
in which genetic determiners are con- 
cerned is very great. There are, for 
instance, hereditary elements in the 
etiology of tuberculosis, of cancer; of 
hypertension and other diseases of the 
circulatory system; of abnormalities of 
carbohydrate metabolism (diabetes) and 
other metabolic deficiencies; there are 
hereditary elements also in the etiology 
of a variety of defects of the nervous 
system — such as some types of epilepsy; 
of defects of the eye, as those affecting 
the power of accommodation ; of defects 
of the ear, of the teeth, and of various 
other organs. Which of these short- 
comings in the genetic constitution 
would justify limitation of propagation t 
Might not a consistent and strict appli- 
cation of eugenic measures reduce the 
number of persons thought fit for par- 
enthood to a small minority of the 
population! 

Still, it must be conceded that there 
are conditions where it would be in the 
interest of the individuals themselves 
and of their possible offspring, as well 
as of future generations, that these per- 
sons be prevented from propagating. 
No conflict exists in such cases between 
the maintenance of the dignity of the 
individual and the interests of the com- 
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munity, which is composed of individu- 
als — ^the latter being the essential reality. 
The methods used for this purpose must 
be humane and understanding. 

The objections to science, and indi- 
rectly also to medicine, mentioned in the 
second place, are a criticism of civiliza- 
tion as it has developed mainly within 
the last hundred years. Science has 
provided the means of building factories 
and of rapid communications. Much 
time has been added to our life ; we can 
make use of all kinds of products, which 
should satisfy our needs to a greater 
degree than has ever been possible pre- 
viously in human history ; new forms of 
entertainment have been provided on a 
much larger scale than was ever thought 
possible. Yet, it seems that happiness 
has not increased correspondingly. Al- 
though it is the physical sciences which 
are largely held responsible for these 
injurious changes, still, medicine is re- 
sponsible indirectly, insofar as it has ap- 
parently made littie attempt to prevent 
them. 

However, it is not the contributions 
of science and medicine which are to 
blame for the deficiencies and unhealthy 
conditions in our civilization. What 
they have contributed is good ; but these 
gifts have not been used altogether 
wisely, and the biologist, and above all 
the physician, in the future should take 
it upon himself, by his advice, to guard 
against the unwholesome application of 
modern technical improvements and in- 
ventions, which result in a loss of indi- 
vidual health of mind and body. Ulti- 
mately, these are questions of individual 
and social hygiene and they all belong, 
therefore, to the sphere of interest of the 
physician. 

Yet it cannot be denied that while our 
civilization has eliminated much that 
was crude and even brutal in human 
relations, it has also caused a loss of the 
satisfactions which simple and sincere 
relations to other human beings and a 
quiet enjoyment of nature provide, and 


that there has developed much restless- 
ness, an aggravated spirit of competition 
in all our activities, and consequently 
worry, jealousy, envy, intensified antago- 
nisms and struggles, injurious attitudes 
affecting individuals as well as social 
groups and leading to intensified dis- 
content and to loss of mental restfulness 
and poise. But, it is not only the tech- 
nical advances which are responsible for 
these shortcomings in our civilization 
and for the decreased value attached to 
the simple psychical goods; they have 
merely aggravated something which has 
deeper roots in the organization of the 
individual and of the social groups. 

In order to appreciate these difficul- 
ties, we may somewhat more fully dis- 
cuss some of the conditions on which our 
bodily and mental satisfactions and, ulti- 
mately, therefore also our bodily and 
mental health depend. We wish to ob- 
tain material goods in order to maintain 
the life and bodily health of ourselves 
and of those depending upon us, and we 
also need simple and distinctive psychi- 
cal goods in order to maintain our per- 
sonality. The memories of the psychi- 
cal satisfactions received from those 
around us, the principles of conduct 
transmitted to us, and the thoughts and 
emotions drawn from science, philoso- 
phy, literature and art, as well as our 
own thoughts and emotions based on our 
experiences and observations, constitute 
the store of our inner psychical goods. 
It is especially on the latter that the 
harmony, equilibrium and the strength 
of our personality depend as do also our 
initiative in thought and action, the ab- 
sence of unnecessary fear and of undue 
suggestibility, the normal coordination 
of our muscles, and therefore the ability 
to give to others what is good in our- 
selves. In the end, all our bodily func- 
tions, such as those of the digestive and 
circulatory systems, are intimately con- 
nected with this psychical wellbeing. 
There are reciprocal relations on the one 
hand between the functions of the ner- 
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vous system and the endocrine organs, 
by which, in their interaction with the 
outer world, our psychical life is largely 
determined, and on the other hand the 
functions of our more elementary organ 
systems, the healthy action of the former 
influencing that of the latter and vice 
versa. 

Simple psychical goods are the expres- 
sion of understanding, appreciation and 
respect, of friendliness and affection 
which our fellow beings may give to us. 
They also consist in the peace of mind, 
poise and recovery from mental injury 
which we experience in the quiet of na- 
ture and in the wider thoughts and emo- 
tions given to us by science, literature, 
art and music; these ultimately are the 
expressions of the effects of nature and 
the doings of man on some minds which 
are peculiarly sensitive and which func- 
tion as resonators. This need of simple 
psychical goods has its roots in our 
bodily organization, but added to these 
are our experiences, and the thoughts 
and emotions created in the natural and 
social struggle. 

In contrast to the simple psychical 
goods the cultivation of distinctive psy- 
chical goods implies the accentuation of 
superiority or inferiority and of compe- 
tition in human relations. There are 
distinctive psychical goods based on na- 
tional and racial characteristics, flxed or 
modifiable and representing true or im- 
aginary differences ; there are others 
based on family and social caste differ- 
ences; and a strong and, not rarely, de- 
structive element of competition may 
enter even into the distribution of simple 
psychical goods, which thus are con- 
verted into individual distinctive psy- 
chical goods. As to the source and 
origin of our need for distinctive psy- 
chical goods, they also reach deep into 
our bodily organization ; competition for 
distinctive psychical goods and states of 
superiority and inferiority are found in 
the social life of various species of ani- 
mals. But what, in the social life of 


animals, is largely flxed and only slightly 
modifiable by means of conditioned re- 
flexes, in man is controlled by sugges- 
tions and thought processes and, there- 
fore, is to a much larger degree, change- 
able and subject to that which impresses 
us as free will. 

The various forms of distinctive psy- 
chical goods give us the enjoyment of 
our superiority over others, a sense of 
elevation of our personality picture and 
thus also compensatory satisfactions for 
losses which we necessarily experience 
in life. By elevating our personality 
picture over that of others, they give us 
a feeling of security in the social and 
natural struggle, they make us less ac- 
cessible to the will of others and prevent 
the results of excessive suggestibility 
and fear. They are much more effective 
in these respects than are simple psychi- 
cal goods, but they also tend to separate 
individuals and groups from one an- 
other, to bring humiliation to many and 
to intensify greatly the severity of the 
social struggle. 

Without conscious forethought, the 
human mind has tended, and it still 
tends to convert all possible institutions, 
events, and human relations into sources 
of distinctive psychical goods; these in 
their various types it has craved even as 
it has craved stimulant or sedative sub- 
stances which give, temporarily at least, 
the feeling of strength and freedom 
from fears and inhibitions. But as the 
use of the latter exacts a price, often far 
exceeding the value of the subjective 
temporary benefits derived from them, 
so, dso, the use of distinctive psychical 
goods is essentially unliealthf ul ; as 
stated it brings suffering to many and 
a reaction often sets in against those 
who display their real or assumed su- 
periority. These distinctions are em- 
ployed as instruments in the strife which 
is constantly being waged for positions 
of mental-social superiority over others 
and in which a lowering and defeat of 
one means a victory and elevation for 
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the other. As secondary motives, this 
struggle has been introduced into all hu- 
man activities, not only into business, 
but also into science, literature, art, and 
all other types of creative work. These 
accessory, subjective motives often ex- 
ceed in strength the primary, essential 
and objective motives, those founded in 
the work itself, and rooted primarily in 
the struggle with the difficulties encount- 
ered in nature and they may greatly 
interfere with the satisfactions caused 
by real accomplishment. It is true that 
such motives, derived from the sphere of 
the social struggle, may also function as 
additional incentives to work, but they 
are essentially the source of the worries 
so often associated with work and thus 
they tend to cause depression and ex- 
haustion, when even strenuous work as 
such would give satisfaction. 

However, in different individuals the 
personality level desired and claimed 
varies very much, and accordingly also 
the nature and quantity of distinctive 
psychical goods claimed by them as their 
due vary, depending largely upon their 
upbringing and especially upon the sug- 
gestions they received in their early 
years of life. 

In former times it was especially the 
feudal aristocracy whose right to a high 
personality level was recognized as valid. 
This is well and relatively harmlessly 
exemplified by the Duke of Somerset 
turning in anger to his second wife, who 
had tapped him playfully with her fan, 
and exclaiming, ^‘My first wife was a 
Percy and she never dared to take such 
a liberty. ’ To some extent such claims 

of the feudal aristocracy and their de- 
Bcendents are still potent today even in 
democratic countries, and in general, 
the criteria used in the distribution of 
distinctive psychical goods, in many re- 
spects are still derived from feudal 
times. But apart from this, every in- 
dividual has built up a certain person- 

* Cited by Louis Kronenberger in Kings 
and Desperate Men.’’ 


ality level, which is determined by his 
individual experiences, by his sensitive- 
ness or expansiveness, and, also, by 
the grade which society concedes to 
him, according to his inherited or ac- 
quired social caste. This personality 
level, characteristic of each individual, 
greatly influences his attitudes and ac- 
tivities, into which his desire for distinc- 
tive psychical goods ^ enters to a larger 
or minor degree. Likewise, the tech- 
nique used by different persons in their 
attempt to maintain their own level or 
to reach a higher one varies greatly. 
Some rely almost solely upon their work 
and upon their helpfulness to others; 
some apply a social technique, which is 
well recognized by many, and which was 
succinctly stated by Lady Mary Wortley 
Montague with the words ‘‘Caress the 
favorites, avoid the unfortunates, and 
trust nobody.^’* These latter persons 
may be inclined or ready, if necessary, 
to trade their thoughts, convictions, also 
truth and justice, as well as simple psy- 
chical goods and, even, their friends, for 
distinctive psychical and material goods 
which they greatly need in their desire 
for social advancement and power. In 
many others these two modes of social 
reaction are combined in various pro- 
portions. 

If we now turn from the individual 
life to the actions and policies of larger 
groups, such as nations, in principle the 
same factors are active here as in the 
former, although with some modifica- 
tions, which are due to the importance 
of mass suggestion in the life of groups 
and in the relative preponderance of the 
economic, material interests which are 
shared and understood by the large ma- 
jority of the members of a group, in con- 
trast to the psychical factors or motives 
which are of a more individualized na- 
ture and concerning which there might 
be a lack of agreement. However, there 
can be little doubt that also in interna- 
tional relations psychical factors play a 
significant role. The traditions of the 
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people, the ambitions of some of the 
leading personalities, the suggestions, 
systems of thought and ideals potent in 
them have a large share in shaping na- 
tional policies. Expressed differently, 
the need of simple psychical goods, the 
craving for individual, group or class 
distinctive psychical goods, and the na- 
ture of the inner psychic^ goods pos- 
sessed by the dominating personalities 
also greatly influence national and in- 
ternational group relations. 

While economic needs and interests 
are the primary factors in determining 
satisfaction and dissatisfaction with gen- 
eral conditions and in sensitizing people 
in such a way that they are ready for 
changes in policies, still the mode in 
which these attitudes And expression in 
actual life depends largely upon various 
psychical factors, and there is very little 
doubt that in the grave condition in 
which all the nations are today, these 
factors, elevations of the personality on 
the one hand and humiliations on the 
other have played an important part. 
In the end the signiflcance of all the ele- 
ments in our culture depends upon their 
content of psychical goods and on the 
contribution these elements make to our 
store of material, simple, distinctive and 
inner psychical goods and to their avail- 
ability to individuals. Moreover, in the 
life of the individual and in the life of 
larger national and international groups, 
the total sum of energy used up in social 
friction caused by the competitive strug- 
gle for distinctive psychical goods is very 
great; this is a total economic loss and 
entails much waste of human happiness. 

If we now return to the question which 
we raised as to the cause of social dis- 
content, omitting the problems of adjust- 
ment in the production and distribution 
of material goods, which is the field of 
the economist, this is due at least in part 
to unsatisfied needs for psychical goods, 
and the latter again are at least partially 
caused by the planless manner in which 


developments have taken place in the 
sphere of psychical goods in the past; as 
a result there have arisen abnormal and 
unhealthy valuations of different types 
of psychical goods and in particular an 
overvaluation of distinctive goods in va- 
rious spheres of social life. These diffi- 
culties have been aggravated by the tech- 
nical advances made in recent times, 
which tend to cause a still greater de- 
pression of the value attached to the in- 
dividual and to simple satisfactions in 
social intercourse. In addition, the in- 
crease in individual liberty and initia- 
tive which democracy provides may have 
accentuated the evils of an excessive and 
sometimes ruthless competitive spirit in 
the field of distinctive psychical goods, 
which is contrary to the spirit of democ- 
racy and which in the end would destroy 
it. But these unfavorable results of the 
advances in the physical sciences and in 
the development of democracy are not 
inherent in science and in this mode of 
social organization; they can be sepa- 
rated from the latter and there is hope 
that they can be avoided. Besides the 
greatest possible security in the field of 
material goods there is needed the main- 
tenance of individual liberty and initia- 
tive in our social relations as much as 
this is compatible with the equal needs 
of others. This implies as much as pos- 
sible the avoidance of the injurious 
effects of inhibition and frustration in 
the functioning of our organism. But 
there is needed also for the healthy state 
of mind and body, the cultivation of 
friendly relations with our neighbors as 
well as with those farther distant. This 
requires the extension and intensification 
of our imaginative power, which enables 
us to see ourselves in all the others and 
all the others in ourselves. It also re- 
quires a planful limitation of the value 
attached to distinctive psychical goods 
and to their application in social life as 
well as a higher evaluation of the simple 
psychical goods. It requires the recog- 
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nitioii of the dignity of the individual 
as the level of personality which is 
needed by every human being and which 
democracy will give to him. Important 
as the preservation of individual liberty 
and initiative is for the creation and 
maintenance of a healthy state in the 
individual and group life, we must keep 
in mind that they are not the only simple 
psychical goods that are needed but that 
the others must also be cultivated. How- 
ever, in order to make such principles 
function in our social life, it is necessary 
to make their significance conscious in all 
members of communities and this re- 
quires the teaching of these principles 
and of the elements of social relations 
and of social technique in general to 
minds still young and plastic. 

It follows furthermore from these con- 
siderations that the factors which will 
make the individual healthy in mind and 
body and which will insure the greatest 
possible security for his personality in 
the social and natural struggle, will ulti- 
mately be also the factors which will 
make possible rational relations between 
groups within the nations and between 
the different nations. 

These conditions represent the essence 
of democracy ; democracy is the mode of 
social organization which satisfies best 
the human needs of health of mind and 
body. In all other forms of social or- 
ganization there is inherent the danger 
of a suppression of personality, of a low- 
ering of individual initiative, also the 
introduction of differences in personal- 
ity levels, which are based on artificial, 
unreal standards and which do not take 
into account the value and dignity of the 
individual; thus they tend to cause un- 
desirable social cleavages and disturb- 
ances in the healthy social equilibrium. 
The principles of democracy must be 
applied in the life of the individual, in 


the relations between groups within the 
nation, and they must be extended also 
to the sphere of international relations. 
This must be done consciously and plan- 
fully in the same way as other principles 
of public health are applied planfully, 
instead of being allowed to drift as they 
have been in the past. 

The problems of the creation, distribu- 
tion and function of psychical goods are, 
in the end, problems which concern the 
health of the individual and of the com- 
munity and they belong therefore to the 
sphere of interest of medicine and of the 
physician in the same way in which the 
creation and distribution of material 
goods belong to the sphere of interest of 
the economist. Both the physician and 
the economist should be the guides whose 
advice directs the policies of communi- 
ties within the nation and the policies 
in international groups. The physician 
will thus further the appreciation of the 
dignity of the individual as man’s most 
valuable possession and he will be the 
guardian of democracy. 

This is an important function, espe- 
cially at the present time when democ- 
racy is fighting against a view of human 
personality and of life in general which 
tends to destroy all that is actually and 
potentially good in our civilization, and 
to replace the values of the free demo- 
cratic life by brutal methods of suppres- 
sion of the individual and of human in- 
dividuality by a group chosen by them- 
selves to be masters over all, contrary 
to human experience and to the teaching 
of science. Let ns hope that this will be 
a passing phase in human history and 
that it will be followed by a time when 
science will enlarge and deepen our 
knowledge of the good life, and when 
man, and above all the physician, will 
help to translate this knowledge into 
actual living. 
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This year, April 13 (April 2nd old 
style calendar) marks the two hundredth 
anniversary of the birth of Thomas Jef- 
ferson. Several studies will doubtless 
appear appraising his political, social, 
religious, and philosophical ideas. It 
seems appropriate therefore in this scien- 
tific age to call attention to Jefferson's 
interest in science, and the scientific de- 
velopments of his time. 

Jefferson was the most scientifically 
minded president this nation has ever 
known. Science is my passion, politics, 
my duty" he wrote to Harry Inness. 
And to M. Dupont de Nemours, he wrote, 
"Nature intended me for the tranquil 
pursuits of science by rendering them 
my supreme delight." And again to Dr. 
Benjamin Rush, he declared that nothing 
but "revolutionary duties would ever 
have called me away from scientific 
studies. ' ' Had not these ‘ ‘ revolutionary 
duties" driven him into politics Jefferson 
might well have taken rank as a scientist 
with Leonardo de Vinci, Francis Bacon, 
Sir Isaac Newton, and Benjamin Frank- 
lin. Even with all the political demands 
made upon him he still found time to 
render a distinct service in the fields of 
the physical sciences, mathematics, geog- 
raphy, botany, paleontology, agriculture, 
and natural history. 

Jefferson's scientific activities fall 
quite naturally into five chronological 
periods. The first period ends in 1784 
when he was sent abroad; the second 
relates to his scientific activities while in 
Europe, 1784-1789 ; the third period cov- 
ers the years 1790 to 1801; the fourth 
period extends through his two presiden- 
tial terms, 1801 to 1809; and the fifth 
relates to his years in retirement, from 
1809 until his death in 1826. 


First Period, 1780-1784 

In his Notes on Virginia, compiled 
during the busy years of 1781 and 1782, 
Jefferson demonstrated a rare gift of 
scientific inquiry. These Notes were pre- 
pared hastily to meet a special need. The 
French government had instructed Mar- 
bois, Minister in Philadelphia, to obtain 
accurate, statistical information concern- 
ing the different states. Marbois turned 
to Jefferson and asked him if he would 
prepare this information for Virginia. 
Jefferson was well qualified for this work. 
He states in his Autobiography that he 
had always made it a practice to keep 
careful notes on any information of the 
country "which might be of use to me in 
any station, public or private, to commit 
it to writing. These memoranda were 
on loose papers, bundled up without 
order. . . 

Marbois' inquiry caused Jefferson to 
put his Notes into proper order. It was 
a tremendous task. He had to do all his 
writing by hand. He took his Notes with 
him when he sailed for Paris in 1784, 
where he found he could have them 
printed for one fourth the price asked by 
the Philadelphia printers. Not satisfied 
with the results of the French printer, he 
next submitted them to John Stockdale, 
an English publisher. After they were 
printed he sent copies back to some 
friends in the United States. 

These Notes on Virginia, according to 
the late Dr. G. Brown Goode, Assistant 
Secretary of the Smithsonian Institution, 
represent 

the first comprehensive treatise upon the topogra- 
phy, natural history, and natural resources of 
one of the United States, and was the precursor 

^ Lipscomb, Andrew A. Writings of Thomas 
Jefferson; 20 Volumes; 1903-1905. II, Intro- 
ductory Notes to Jefferson’s Notes on Virginia. 
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of the great librarj of scientific reports which 
have since been issued by the States and Federal 
government. Though hastily prepared to meet 
a special need, if measured by its influence, it is 
the most important scientific work as yet pub- 
lished in America.^ 

To Jefferson, the study of natural his- 
tory had a decidedly practical side. 
Plants and trees were put here for a 
purpose. He classified in minute detail 
the different types of vegetation found in 
Virginia. He divided the trees, plants, 
fruits, and all vegetation in four classes : 
the medicinal, the esculent, the ornamen- 
tal, and those useful for fabrication. Be- 
sides the common names, he gave them 
botanical names, portraying the true 
character of a .scientific, professional 
botanist. 

His observation upon the climate of 
the mid-Atlantic region was far in ad- 
vance of anything that had ever been 
attempted. The rainfall, temperature, 
prevailing winds, wind velocity were all 
treated in detail. The effect of sea 
breezes on salt making, the prevalence of 
sunshine, the seasons when frosts oc- 
curred and their effects upon plant life, 
all testify to the meticulous observations 
made by him. 

No other early American has given 
such an accurate, detailed account of the 
rivers of Virginia and the upper Ohio 
Valley, of the mountains of Virginia and 
the Appalachian ranges. Jefferson de- 
tested generalizations. He insisted above 
all else on exactness; statistics were of 
value only when they were accurate. 

One of Jefferson's most interesting 
scientific investigations, led him to con- 
tradict Buffon, the celebrated French 
author of Natural History, Buffon, it 
will be recalled, had advanced a theory 
then current in scientific circles that ani- 
mals on the North American continent 
were degenerating in size. And he had 
gone to considerable length to prove that 
those animals that had been domesticated 
in both continents had degenerated in 
America. He attributed the cause incor- 

a Lipscomb, XIX, iv-^. 


rectly, to the theory that the climate over 
here was colder and more moist than in 
Europe. Warmth and dryness, he 
argued, were more favorable to large 
quadrupeds. 

Jefferson mulled over these theories 
for some time, and finally came to an 
exactly opposite conclusion. First of all, 
he knew the animals of North America. 
Buffon, he insisted, lacked sufScient cli- 
matological, geological, or meteorological 
data to justify his findings. Jefferson 
then set about collecting data of his own. 
By personal investigation and wide cor- 
respondence he assembled an immense 
amount of material. He arranged his 
data in three tables showing the weights 
of the animals, so as to give a compara- 
tive view. 

In his first table Jefferson showed that 
of twenty-six quadrupeds common to 
both Europe and America, seven were of 
equal size. The second table showed that 
eighteen quadrupeds were peculiar to 
Europe and seventy-four to America, 
while one of the seventy four, the tapir 
weighed more than all the eighteen to- 
gether. In the third table the conclusion 
was reached that with equal care and 
food the domestic animals of America 
would reach a growth as great as those 
of the European stock from which they 
were derived.® 

Busy as he was with his Notes on Vir- 
ginia and other activities during the 
years 1781-1782, Jefferson also found 
time to take on another scientific, tech- 
nical study. In January, 1782, the Con- 
tinental Congress turned to the trouble- 
some question of adopting a standardized 
monetary system. Robert Morris, finan- 
cial wizard, brought in a table of the dif- 
ferent currencies and exchange rates of 
foreign coins, and urged the adoption of 
a fixed standard of value and a money 
unit. It was a terribly complicated sys- 
tem. Congress postponed action on it 
until 1784. Jefferson was now a member 
of Congress and chairman of the commit- 

9 Lipscomb, II, 66-68. 
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tee on coinage. He fonnd the Morris 
plan sound, but “too minute for ordinary 
use, and too laborious for computation, 
either by hand or in figures.” He 
pointed out that — 

the priee of a loaf of bread, 1/26 of a dollar, 
would be 72 units, a pound of butter, 1/6 of a 
dollar, 288 unite. A horse or bulloek, of 80 dol- 
lars value would require a notation of six figures, 
to wit, 115,200; and the public debt, suppose of 
80 millions, would require 12 figures, to wit, 
115,200,000,000 units. Such a system of money 
arithmetic would be entirely unmanageable for 
the common purposes of society.* 

J efferson offered a substitute plan. He 
would make the dollar the unit of pay- 
ment, and its divisions would be on a 
decimal ratio. Jefferson distributed 
printed copies of his plan to members of 
Congress, pointing out that the ease with 
which multiplication and division could 
be made by using the ratio ten, and the 
decimal. The advantages of his system 
were obvious. He also proposed the 
minting of four coins. First, a gold 
piece equal in value to ten dollars. Sec- 
ond, the dollar unit itself in silver. 
Third, the tenth of a dollar, of silver. 
Fourth, the hundredth part of a dollar, 
of copper. This system of decimal coin- 
age was adopted both by the Continental 
Congress and later the Federal Congress, 
and has remained the basic system to this 
day. 

Second Period, 1784-1789 
Scientific Activities in Europe 

In the summer of 1784 Jefferson sailed 
for France to assist Franklin in negotiat- 
ing some treaties of commerce and trade. 
When Franklin retired from his diplo- 
matic post the following year, Jefferson 
was named his successor. The years he 
spent in France 1784 to 1789, were busy 
years, but in some respects this was the 
most pleasant period of his ofScial life. 
He found time to carry on many scien- 
tific investigations. The French accepted 
him from the very first as a scientist. 

*Bayner, B, L. Sketches of the Life, Writ- 
ings and Opinions of ThonuM Jefferson, 230. 


The two scientific projects in which 
Jefferson was most interested while 
abroad were agriculture and natural his- 
tory. Agriculture came first. Shortly 
after he reached Paris he was informed 
of his election to membership in the 
South Carolina Agricultural Society. In 
his letter of acknowledgment he gent 
back some seeds of grass (Malta grass) 
that had been found especially useful in 
Malta and in southern France. Later, 
he sent a collection of acorns from the 
cork oak, and asked his friends to try 
them in the South Carolina soil. Jeffer- 
son was particularly anxious to intro- 
duce the olive culture into the southern 
states. He sent over several varieties of 
olive trees and the South Carolina So- 
ciety accepted them with great enthusi- 
asm, but for some reason they never had 
much success in developing them. 

Jefferson was also interested in rice 
culture. He was anxious to discover the 
best methods used in cleaning rice. He 
traveled down through southern France 
in 1787 and examined every rice cleaning 
machine he could find. He also inquired 
about the methods used by the Italians. 
Still not satisfied he crossed into Italy 
and traveled through the rice country 
in order to study first hand the rice hull- 
ing and cleaning machines. He was sur- 
prised to learn that the Italians were 
using the same machines that were being 
used in South Carolina. He thereupon 
concluded that it must be the superior 
quality of the grain that gave the Italian 
rice supremacy over South Carolina rice. 

He decided to send some Italian rice 
to his Charleston friends, but to his sur- 
prise, he discovered that the exportation 
of Italian rice was prohibited. He then 
resorted to the ingenious schemei of filling 
his coat pockets full of rice. At his room- 
ing house he wrapped the seeds in two 
separate packages and sent them in dif- 
ferent ships to Charleston. Both pack- 
ages reached their destination. These 
precious grains were distributed to the 
rice planters of Charleston, and within 
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a few years, sa3rB Curtis, they were pro- 
ducing the best rice in the world.” 

Later JefFerson sent over samples of 
an improved rice mill, showing the latest 
advances in setting the rows of teeth for 
cleaning the grains. When he discovered 
an improved quality of corn in Italy, he 
sent some sample grains to his overseer 
in Virginia with instructions on how to 
grow it. In Turin he discovered an im- 
proved method for training grape vines. 
At Casino, France, Jefferson saw an im- 
proved rice beater, and spent hours ex- 
amining it in minute detail. 

During the years 1787--1788 JefFerson 
was busy drafting trade treaties, writing 
philosophical essays and observing the 
beginnings of the French Revolution. 
Yet, he found time to design an improved 
mold board for plows. He sketched a 
plan according to a mathematical for- 
mula, making the mold board as wide as 
the furrow, and of a length suited to the 
construction of the plow. The object was 
to ‘‘secure the regular inversion of a cer- 
tain depth of the surface soil with the 
least application of force. For his in- 
vention JefFerson was awarded a medal 
by the Royal Agricultural Society of the 
Seine. 

While on a visit to Holland in the 
spring of 1788, JefFerson was attracted 
by a number of their new mechanical 
contrivances. A saw mill run by wind- 
power caught his attention, and he made 
detailed drawings of the mill and all of 
its parts. While in Germany he made 
a detailed drawing of a new bridge over 
the Rhine, and entered a lengthy descrip- 
tion of it in his diary. He observed that 
it was supported by thirty-nine small 
boats, and described the way they were 
maneuvered in order to let vessels pass 
through. 

In May, 1788, JefFerson wrote to James 
Madison, informing him that he was 
sending a pedometer, and gave him ex- 
plicit instructions as to its use. It was 

sOurtis, William Eleroy, The True Thomas 
Jefferson, Philadelphia (1901) 365. 


to be carried in the watch pocket of the 
vest, and attached by tape to the knee 
band of the breeches. It must have been 
an exceedingly delicate instrument, since 
JefFerson cautioned Madison to never 
turn the hands backward. He should 
always note where the hands stood when 
he began to walk, and determine the 
number of steps by subtracting that 
number from the number recorded later.” 

JefFerson was also interested in the 
new development of steam power, and 
kept his American friends informed of 
the advances that were being made in 
Europe. On October 2, 1785, he wrote 
Madison describing a steam engine he 
had seen in Paris used for raising water 
for fire protection. The following April 
he was in London, and after studying 
the application of steam power used for 
operating a grist mill, he wrote to his 
friend Charles Thompson describing it 
in detail. He foresaw the day when this 
new source of water would be widely ac- 
claimed in America.^ 

The new advances in printing had a 
special interest for JefFerson. Perhaps 
because he did so much writing in long 
hand he welcomed any short cuts that 
might be invented. In a letter to Mr. 
Carmichael, December 26, 1786, he told 
him he was sending him a portable copy- 
ing press, model of one that he had re- 
cently designed. This polygraph, as he 
called it, was an ingenious double writ- 
ing desk with duplicate tables, pens, and 
inkstands. The pens were connected to- 
gether by a system of parallelograms, 
with two fixed centers, so that the pens 
were always parallel. Whatever move- 
ment was impressed on one who was 
simultaneously communicated by the 
connecting link to the other pen. By 
this polygraph the copy was made on an- 
other paper identical with the original.* 

During his entire stay in France Jef- 
ferson was diligent in studying all the 

« Ldpscomb, VI, 460. 

T Hid., V, 295-296. 

•Ibid., VI, 31. 
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recent advances in the arts and sciences. 
In his letters to President Stiles of Wil- 
liam and Mary ; to the president of Har- 
vard; to Charles Thompson; to David 
Bittenhonse and others he gave detailed 
reports of the many inventions he had 
seen. The advances made by the French 
in science, painting, and music, he de- 
clared were the only things for which he 
envied the people of that nation. In 
writing to Peter Carr in 1785, he de- 
clared, “The acquisition of science is a 
pleasing employment. I can assure you 
that the possession of it is, what (next to 
an honest heart) will above all things 
render you dear to your friends, and 
give you fame and promotion in your 
own country. 

Two other sciences to which JelBferson 
gave considerable attention while in 
Europe were chemistry and astronomy. 
He was offended when he learned that 
Buffon, his natural antagonist had made 
a disparaging remark about chemistry, 
describing it as nothing more than cook- 
ery, and placed the laboratory worker 
on a footing with that of the kitchen. 
Jefferson on the other hand, looked upon 
chemistry as the most useful of all sci- 
ences, and one that would open unlim- 
ited opportunities for the human race. 

Jefferson had a genuine interest in 
music, both as an artist and a scientist, 
and while in Europe he found time to 
keep up his musical interests. In a letter 
to Mr. Hopkinson, January 3, 1786, he 
described a new metronome recently in- 
vented by Monsieur Renaudin of Paris. 
Jefferson had recently examined this in- 
strument, and offered suggestions for 
making some improvements on it. 

It will be the greatest present which has been 
made to the musical world this century, not ex- 
cepting the piano-forte. Its tone approaches 
that given by the finger as nearly only as the 
harpsicord does that of the harp. It will be 
very valuable.'® 

Jefferson sailed for home late in 1789. 

® Washington, H. A. Writings of Thomas 
Jefferson, 9 volumes, (1859). Vol. I, 395. 

10 Lipscomb, VI, 22. 


Third Pebiod, 1790-1801 
As Secretary of State and Vice President 

While Jefferson was still in Prance, 
President Washington invited him to 
take over the ofiSce as Secretary of State. 
Jefferson accepted and sailed for Amer- 
ica. Busy as he was with the duties of 
that new office, he found time to continue 
his scientific interests. One of his first 
official tasks was to prepare an exact, 
workable system of weights and mea- 
sures. He had already given this subject 
considerable study, but he now desired 
the opinion of several of his European 
friends, on this matter. He made a care- 
ful study of the system of weights and 
measures recently introduced in the 
National Assembly in Prance. He asked 
a friend in London to send him a packet 
of newspapers containing an account of 
the plan recently submitted by Sir John 
Riggs Miller to Parliament on this sub- 
ject. Miller had proposed that a pen- 
dulum, 39.107 inches in length be 
adopted as the standard of measure. 
The French had also suggested the pen- 
dulum as a standard of measure — ^but 
recommended it should be 39.181 inches 
in length. Jefferson took an average of 
the two, 39.149 inches, and after com- 
paring his results with Sir Isaac New- 
ton’s estimate of 39.144 inches, he made 
his proposal to the House of Representa- 
tives in 1790. This document is a classic 
in scientific literature. But Jefferson 
was ahead of his time. It was left to 
another early scientifically minded states- 
man, John Quincy Adams, to finally se- 
cure the adoption of laws regulating the 
standard of weights and measures in 
1838. 

Jefferson’s most important service to 
science during his term as secretary of 
state was the work he did in administer- 
ing the nation’s first patent law. The 
patent act of 1790 was short, simple and 
easy to follow. Anything could be 
patented if it could be classified as “any 
useful art, manufacture, engine, or de- 
vice, or any improvement thereon not 
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before known. It was fortunate that 
Jefferson, as secretary of state, was 
charged with the responsibility of ad- 
ministering this law. He was the best 
qualified person in the nation for this 
position. Projects of a technical, scien- 
tific nature appealed to him. He was 
constantly encouraging the introduction 
of new devices and the application of 
science to every-day living. 

The patent law under Jefferson’s ad- 
ministration began to function immedi- 
ately. Within two months after the act 
had been signed Jefferson wrote that the 
granting of patents for new discoveries 
had stimulated inventions ‘‘beyond my 
conception.” Jefferson insisted on ex- 
amining personally every application 
that was filed. While some of these 
proved to be useless, “indeed trifling,” 
as he said, yet there were many of such 
consequence that they would produce 
great results. 

While serving as secretary of state, Jef- 
ferson was appointed chairman of a com- 
mittee in 1792 by the American Philo- 
sophical Society to collect information 
relating to the ravages of the Hessian 
fly. This insect was threatening to de- 
stroy the wheat crop and other grain 
crops of the country. Jefferson’s work 
in assembling all available data on this 
pest was the first organized effort in eco- 
nomic entomology in the United States. 

In December, 1793, Jefferson resigned 
as secretary of state and returned to his 
home at Monticello. During the next 
three years he devoted considerable time 
to agriculture. His experiments in crop 
rotation, which required a six year cycle 
for completion, attracted considerable 
attention. He also carried on experi- 
ments with an improved plow. Writing 
to John Taylor of Caroline, December 29, 
1794, he declared that “a good instni- 
ment of this kind (referring to his plow) 
is almost the greatest desideratum in hus- 
bandry.”'^ 

Lipscomb, XVIII, 199-200. 


During these same years he was experi- 
menting with a drill, called “the Caro- 
lina Drill” which was operated for only 
one row at a time. He wrote to Presi- 
dent Washington, June 19, 1796, saying 
that he was trying to improve the drill 
so as to make it sow four rows of wheat 
or peas at 12 inches distances. And in 
the same letter he described a Scotch 
threshing machine which he had nearly 
finished. He had worked from a model 
which Mr. Pinckney had sent him. He 
had succeeded in putting the whole 
works, except the Horne wheel, into a 
single frame, so that it could be moved 
from one field to another on two axles of 
a wagon. 

In 1796 Jefferson was elected vice 
president of the United States. When 
he left Monticello to go to Philadelphia 
for the inauguration, he carried with him 
an extensive collection of newly discov- 
ered bones, and an elaborate set of notes 
describing the studies he had made of 
them. What a spectacle! A statesman 
renowned in two continents, elected to 
the second highest oflSce in the land, 
entering the nation’s temporary capitol, 
bearing a collection of bones that would 
claim almost as much attention as any 
of the affairs of state 1 The week fol- 
lowing his inauguration as vice presi- 
dent, Jefferson read a paper before the 
American Philosophical Society entitled, 
“Memoirs on the Discovery of a Quad- 
ruped in the Western Parts of Virginia.” 
He called the animal, bones of which he 
had recently discovered, The Meglonyx 
Jeffersoni, The science of paleontology 
had its beginnings, as nearly as any 
science can have a beginning, with Jef- 
ferson’s paper on Mrglonyx Jeffersoni. 
He was immediately elected president of 
the Philosophical Society and served 
until old age compelled him to resign in 
1814. 

Jefferson was an ardent believer in 
developing the scientific possibilities of 

13 Randolph. Writings of Thomas Jefferson, 
III, 338. 
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this young nation. In a letter to 
Blbridge Gerry in 1799, he wrote : 

I am for encouraging the progress of scienee 
in aU its branches; and not for raising a hue and 
CTj against the sacred name of philosophy; for 
awing the human mind by stories of raw head 
and bloody bones to a distrust of its own vision, 
and to repose implicitly on that of others ; to go 
backward instead of forward, to look for im- 
provement ; to believe that government, religion, 
morality, and every other science were in the 
highest perfection in the ages of darkest igno- 
rance and that nothing can ever be devised more 
perfect than what was established by our fore- 
fathers.^ ^ 

The sciences which he believed most 
useful and practicable were botany, 
chemistry, zoology, anatomy, surgery, 
medicine, natural philosophy, agricul- 
ture, mathematics, astronomy, geogra- 
phy, politics, commerce, history, ethics, 
law, and the fine arts. 

Fourth Period, 1801-1809 
President of the United States 

During the exciting weeks in Feb- 
ruary 1801, while Congress was busy 
trying to break the tie vote between 
Jefferson and Burr, Jefferson was en- 
gaged in correspondence with Dr. Cas- 
par Wistar discoursing on some bones of 
a mammoth that had recently been dug 
up in Ulster County, New York. Press- 
ing as were the matters of state they did 
not claim his undivided attention. 

Within less than three weeks after he 
had been inaugurated president, Jeffer- 
son was writing to Moses Robinson, 
United States Senator from Vermont, 
expressing the hope that the people of 
America, in all professions, would see 
the necessity for scientific advancement. 
He pleaded for an open minded attitude 
in all scientific matters. He was espe- 
cially anxious to have the members of 
the clergy recognize the advances in 
sciences. 

I am in hopes their good cause will dictate to 
them, (the clergy) that since the mountain will 

18 Ford, P. L. Writings of Jefferson, VII, 
828. 


not come to them, they had better go to the 
mountain; that they will find their interest in 
acquiescing in the liberty and science of their 
country, and that the Christian religion, when 
divested of the rags in which they have enveloped 
it, and brought to the original purity and sim- 
pUcity of its benevolent institutor, is a religion 
of all others most friendly to liberty, science, and 
the freest expansion of the human mind.^* 

During his eight years as president, 
Jefferson continued to give such time as 
he could spare to matters of scientific 
interest. But matters of state did not 
permit as much study or correspondence 
as in former years. The most dramatic 
scientific event of his first term, carried 
over into his second, was of course, his 
decision to send Lewis and Clark on that 
scientific expedition into the far north* 
west. 

From 1801 to 1807, aside from the 
Lewis and Clark expedition, only a few 
letters can be found bearing specifically 
upon scientific subjects. But as he ap- 
proached the end of his second term an 
increased interest is noted. On January 
3, 1808, he wrote to Robert Livingston 
in Paris, thanking him for sending over 
the copies of the Agricultural Proceed- 
ings. He expressed surprise to learn 
that the system of crop rotation was just 
coming into common use in Prance.'* 

To John Taylor of Caroline, January 
6, 1808, he described an improved grain 
drill that he had especially made for his 
fields. He planned to send one over to 
the Agricultural Society of Paris. He 
had recently received an improved plow 
from the Paris Society, which according 
to the French inventor claimed to be the 
best plow ever built — one that required 
only two thirds the force ordinarily used 
to pull other plows.'* 

Jefferson was eagerly looking forward 
to his retirement. In a letter dated July 
15, 1808, to Monsieur Lasteyrie, he said: 

When retired to rural occupation, as I shall be 
ere long, I shall devote myself to occupations 
i«Bandolph, III, 471. 

Lipscomb, ZI, 411. 
le/hM., XI, 414. 
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mueh more congenial with my inclinations that 
those to which I have been called by the char- 
acter of the times into which my lot was cast. 

. . . What remains to me of physical activity 
will chiefly be employed in the amusements of 

agriculture.^^ 

It was with genuine relief that on 
March 4, 1809, Jefferson retired from 
*‘the dry and dreary waste of politics.’^ 

Fifth Period, 1809-1826 
In Retirement— The Sage of Monticello 

Jefferson retired from ‘‘the dry and 
dreary waste of politics'^ March 4, 1809, 
and returned to that place which he 
loved “more than all the kingdoms of 
earth. The “Sage of Monticello “ 
would have preferred to become the 
“Hermit of Monticello, “ but his fame 
as statesman, diplomat, and scientist, 
would not permit. During his first year 
in retirement he spent considerable time 
constructing a plow, fitted out with his 
special mold board, for the Agricultural 
Society of the Seine. He believed less 
power would be required to pull his plow 
than the plow which the Society had sent 
him. But in this, as in all of his other 
scientific theories, he wrote Robert Ful- 
ton, “it is the actual experiment alone 
which can decide. 

In April, 1913, he wrote Charles W. 
Peale, prescribing a scientific method of 
plowing hilly ground, known today as 
contour plowing. The furrows, he said, 
should be plowed along the side of the 
hill, horizontally and in parallel lines. 
This could be accomplished by means of 
a triangular level, whereby points for 
guide furrows were marked out on the 
hillside, at distances of about thirty to 
forty yards apart. Prom these guide 
furrows the intervening furrows could 
be determined.'* This plan was appar- 
ently Jefferson’s own, and again it re- 
veals his extreme meticulousness in plan- 
ning his scientific projects — in this case, 

17 /6td., 92. 

1® Lipscomb, XIX, 173. 

1® Lipscomb, XVIII, 279. 


even to the uniformity of distances be- 
tween furrows on the hillsides of his 
farm. 

During his years in retirement Jeffer- 
son was busy with many other inven- 
tions. He designed an improved hemp 
break, which powered by a single horse 
would do “the breaking and beating of 
ten men,’’ a new threshing machine, an 
adjustable book case, a whirling chair 
(the modern swivel chair), a folding 
chair, a carding machine, and a lock 
dock for laying up vessels. 

Jefferson was a strong advocate of ap- 
plied science. In March, 1818, he wrote 
to Benjamin Waterhouse, declaring; 

When I contemplate the immense advances in 
science and discoveries in the arts which have 
been made within the period of my life, I look 
forward with confidence to equal advances by 
the present generation, and have no doubt they 
will consequently be as much wiser than we have 
been as we than our fathers were, and they than 
the burners of witches.*® 

In some respects Jefferson belonged to 
the twentieth century rather than the 
late eighteenth or early nineteenth. He 
had very definite views on the relations 
between science and government. As he 
looked back over a half century of active 
participation in political life, he wrote in 
1821 that: 

Science is more important in a Bepublic than 
in any other government. And in an infant 
country like ours, we must much depend for im- 
provement on the science of other countries, 
longer established, possessing better means, and 
more advanced than we are. To prohibit us 
from the benefit of foreign light, is to consign 
us to long darkness. . . . Science is important 
to the preservation of our Republican govern- 
ment and it is also essential to its protection 
against foreign powers.*^ 

Jefferson died ou July 4, 1826. Thus 
ended the career of our first statesman- 
scientist. His scientific interests com- 
prised an important part of his whole 
thought and definitely shaped his entire 
philosophy of life. 

*0 Lipscomb, XV, 87, 165-166. 

Washington, eiu VII, 221. 



DID THE FOLSOM BISON SURVIVE 
IN CANADA? 

By Dr. LOREN C. EISELEY 

ASSOCIATE PEOrSSSOR 01* ANTHROPOLOOT, UN1VEBBITT OF KANSAS 


In 1927 a wave of incredulous surprise 
swept the archeological world. The dis- 
covery, at Folsom, New Mexico, of the 
bones of a supposedly extinct Ice Age 
bison in association with implements of 
human manufacture, shook to its founda- 
tions the theory of conservative arche- 
ologists that man had been a late arrival 
in America, Instead, a series of discov- 
eries scattered over the High Plains 
region of the United States has revealed 
that man reached the American conti- 
nent in time to see the last of the giant 
mammals of the Ice Age — ^the mammoth, 
the huge and lumbering sloths and the 
now extinct American horses and cam- 
els. All this is now archeological his- 
tory. The specialist no longer scoffs as 
the earth continues to yield up evidence 
of these thinly scattered mammoth hunt- 
ers remotely ancestral to the American 
Indians of to-day. The sole question not 
entirely answered to the archeologist's 
satisfaction, as yet, is the exact date at 
which the last of these extinct animals 
disappeared. And since these early 
people hunted the huge buffalo of the 
time with marked success, particular 
interest has lingered about these long- 
horned relatives of our familiar Ameri- 
can bison of to-day. 

The American bisons of the late Ice 
Age are known primarily from skulls 
and various fragments of the body skele- 
ton recovered over a wide range of terri- 
tory in the United States. That they 
averaged somewhat larger in size than 
the existing buffalo is well known. Dif- 
ferences in horn and skull structure 
among different types have resulted in at 


least the tentative setting up of several 
distinct species, some of which were 
apparently in existence at the same time. 
Some of these types undoubtedly consti- 
tute valid species. In the case of others, 
however, different observers may have 
been too liberal in the description of new 
species on the basis of inadequate mate- 
rial which, at best, may have represented 
only local varieties or races. It is possi- 
ble also that certain of these co-existing 
types may have mixed or interbred, thus 
increasing the problem of systematic as- 
signment. Furthermore, sex differences 
may have played a part in confusing the 
paleontologist. No really authoritative 
and complete study of these bison, in 
spite of their growing importance to the 
archeologist, has been made in recent 
years. 

The common tendency of late has been 
to term most of the bison recovered with 
Folsom or Yuma archeological remains 
as Bison taylori. As so used, however, 
it must be remembered that the appella- 
tion taylori probably includes animals 
which some years before the Folsom con- 
troversy would have been termed Bison 
antiquus or Bison occidentalis. Bison 
taylori was described by Hay and Cook 
from the original Folsom quarry at Fol- 
som, New Mexico. There is no doubt that 
it was somewhat larger and more power- 
fully horned than the existing American 
bison. It was, however, closely related 
to the latter form which succeeds it at 
some undetermined point within either 
very late glacial or early Recent time. 
In other words, at a point in years any- 
where from perhaps 15,000 to 8,000 
years ago. 
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It is quite likely that these big animals 
were adjusted to cooler Ice Age condi- 
tions and failed to hold their range with 
the onset of postglacial warmth and 
drouth. The existing bison may have 
been a successful southern variant of 
this stock. Adjusted to enduring a dryer 
and hotter prairie environment, it may 
have flooded in over the range once held 
by the larger and more formidable 
species. 

Bison taylori in this case may have 
survived longer toward the north where 
he could have intruded into areas once 
covered by the great ice-sheets. Because 
of inadequate investigation of the vast 
Canadian wilderness, our information 
here is almost entirely speculative at 
present. The story which we have pre- 
sented so far is one whose essential out- 
lines are accepted by all archeologists at 
least in so far as it concerns discoveries 
within the United States. It is within 
this northward area, then, that a certain 
degree of mystery presents itself — a 
mystery which has seemingly escaped 
the eye of those very students who have 
been struck by man’s association with 
an extinct ice-age animal in the High 
Plains region of the United States. 

II 

When the first voyageurs explored the 
wilderness of the Canadian Northwest 
they found bison ranging over most of 
the upper part of the Mackenzie Basin. 
As time passed and the acquaintiince of 
the white man with the North American 
game animals increased, many hunters 
began to express the view that the north- 
ern Canadian bison were somewhat dis- 
tinct in size, pelage and habits from 
their relatives, the Plains bison. On the 
whole they were regarded as a larger 
and more rugged variety of the southern 
form. An early quotation from Sir John 
Richardson (Fauna Boreali- Americana 
1829) will illustrate the trend in the 
literature : 


The bieoiL which frequent the woody parts of 
the country [near Great Slave LaJke] form 
smaller herds than those which roam over the 
plains, but are said to be individuaUy of greater 
size. 

Finally, in 1897, the paleontologist, S. 
N. Rhoads, clearly defined the wood 
bison as a subspecies {Bison bison atha- 
bascae) of the better known Plains bison 
(Bison bison) y and supplied its scientific 
description.^ Since that time there has 
been little attempt to challenge the form 
as a valid variety of Bison bison. 

Some of the early descriptions of these 
big animals, though lacking metrical ex- 
pression, are not without interest and 
may well serve to introduce the features 
which will later demand our attention 
with reference to the paleontological 
past. Though variations and misstate- 
ments exist in the descriptions, there is 
considerable emphasis, particularly in the 
earlier accounts, upon large size and 
greater length of horn ‘‘nearly twice the 
length of the plains’ ones and much 
straighter.”* 

The naturalist, Ernest Thompson Se- 
ton, in 1914, describing a large bull 
which he was able to examine in Canada, 
speaks of the “immense horns long and 
curved,” of the “enormous bulk, evi- 
dently larger than any Plains buffalo 
and much like an aurochs.”® 

When Rhoads in 1897 gave his descrip- 
tion of the type, he pointed out that “In 
athabascae the relative length of the 
horns and horncores to the size of the 
skull is about the same or even greater 
than in antiquus. ...” Though en- 
deavoring to establish distinctions, 

1 8 . N. Rhoads, * * Notes on Living and Extinct 
Species of North Americ?<ii Bovidae,^' Proceed- 
ings of the Academy of Natural Sciences of 
Philadelphiay Vol. 49, pp. 492-500, 1897. 

2 Ibid., p. 497, quoting H. I. Moberly. Also 
see C. Gordon Hewitt, “The Conservation of 
the Wild-Life of Canada, “ p. 124. Scribners, 
New York, 1921. 

8 E. T. Seton, * * Lives of Game Animals. * ' 
Doubleday Doran, N. Y. 1929. VoL in, Pt. 2, 
p. 707. 
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Bhoads concludes that *^the weight of 
evidence favors their position between 
B, bison and the most recent fossil spe- 
cies.”* Bison antiquus, of course) is one 
of those types of late Pleistocene bison 
suspected of association with early man 
in America. In fact) in the eyes of some 
paleontologists. Bison taylori, the bison 
found at Folsom, New Mexico, is really 
only a varietal form of antiquus.^ 

In spite of these tantalizing state- 
ments, which could easily be multiplied 
by scanning the literature, a marked 
confusion seems destined at the present 
time to obscure forever the true affinities 
of the northern bison. The tragedy hap- 
pened in the following manner: The 
northern bison, just as in the case of 
their Plains’ relatives, became steadily 
reduced in numbers throughout the nine- 
teenth century. At one time in the 
eighteen eighties or nineties, they were 
definitely threatened with complete ex- 
tinction. Just how close they came to 
disappearance is not known,® though esti- 
mates have ranged as low as fifty head.^ 
In 1893 the first laws were passed to 
protect the animals and, though inade- 
quately enforced, they served to relieve 
the situation. A small upswing in num- 
bers took place during the following 
years. 

In 1925, however, the Canadian gov- 
ernment carried out a policy which, 
though well intentioned in terms of game 
conservation, has served to make a com- 
plete investigation of the original char- 
acter of B, bison athabascae exceedingly 

« Bhoads, op. ott, p. 600. 

s E. H. Barbour and 0. Bertrand Schultz, 
^ ^ Paleontologie and Geologic Consideration of 
Early Man In Nebraska,” Bulletin NehrasJca 
State Museum, Vol. 1, pp. 434-435, 1926. 

M. Raup, ” Range Conditions In the 
Wood Buffalo Park of Western Canada with 
Notes on the History of the Wood Bison, 
Special Publication of the American Committee 
for International Wild-Life Protection, VoL 1, 
No. 2, p. 5, 1983. 

7 J. A. Allen, Bulletin American Museum of 
Natural History, Vol. 13, p. 67, 1900. 


difficult. Large shipments of Plains 
bison were introduced into Wood Buf- 
falo Park, a tract of land in Northern 
Alberta roamed over by the last of the 
northern bison.® Hence, at the present 
time, the two varieties are inextricably 
intermingled. One of the tragedies of 
this situation lies in the fact that save 
for a few measurements on the type skull 
as given by Bhoads, no authentic mea- 
surements exist in print. It is true that 
a few measurements have been given of 
skulls collected since the introduction of 
the Plains bison into the Wood Buffalo 
preserve, but it is obvious in these in- 
stances that the strain represented is 
uncertain.® Moreover, they were col- 
lected before the archeological and pa- 
leontological problem which we are ap- 
proaching had become significant enough 
to center attention upon what was needed 
in the way of information. 

Ill 

Now what has this remote bison rem- 
nant to do with the archeological past 
in which we arc interested t Primarily 
this. In the first place, no attention has 
been given in archeological or paleonto- 
logical literature to the position and 
range of this variety of bison during the 
maximum southward stand of the Wis- 
consin ice which represents the last gla- 
cial advance of the closing Pleistocene 
or Ice Age. If Bison bison athabascae 
existed during this period its range may 
well have projected downward into the 

s A formal protest was made by the American 
Society of Mammalogists. Prophetically, the 
protest reads in part as follows : ' * Interbreeding 
would take place between the races of Plains 
Buffalo and Wood Buffalo, so that the distinc- 
tive characteristics of the Wood Buffalo would 
be lost in a few generations, and in this way the 
largest and noblest game animal of North Amer* 
ica would pass out of existence as such.” A. 
B. Howell, Canadian Field Naturalist, Vol. 89, 
p. 118, 1926. 

• Raup, op. cit., p. 19, 33. Also J. Dewey 
Soper, Journal of Mammalogy, 23: 144, 1942. 
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United States because its historic range 
would have been largely ice-covered. 

Under these circumstances, there is a 
very genuine possibility that its bones 
might appear in the western deposits 
where the traces of early man in America 
are now in the process of discovery. Be- 
cause of its size, irrespective of whether 
we regard it as directly related to the 
extinct form Bison taylori, limb frag- 
ments of this bison might easily be attrib- 
uted to the extinct form. Prom this 
standpoint alone the animal deserves 
more attention than it has yet received 
in the literature. 

The writer has repeatedly emphasized 
that where identifiable skull fragments 
are lacking, as is often the case in cave 
deposits and sand ‘‘blow out’* sites in 
the West, limb or other fragments may 
be the only means of establishing the 
presence of bison. If these fragments 
are associated with Folsom or Yuma 
points, there has been a strong tendency 
to assume automatically — particularly if 
the size of the limb bones is reasonably 
large — ^that the bison represented is the 
same type known from Folsom, New 
Mexico, or the Lindenmeier site at Port 
Collins, Colorado. Now most certainly 
there is every reason for regarding this 
as a reasonable assumption. Neverthe- 
less, so long as the skull is missing, dbso- 
lute, positive identification is impossible. 
The fragments of the body skeleton of 
the late Pleistocene bison overlap in mea- 
surements upon the normal range of 
Bison bison, and do not diflter enough 
morphologically that they can be sepa- 
rated, at least so far as present knowl- 
edge goes, on the basis of non-metric 
characters. 

Allen recognized this fact many years 
ago when he wrote : 

The female of the larger extinct species, judg- 
ing from the sexual differences seen in the living 
species, would apparently about equal in size the 
male of the smaller one, and hence it is difficult 
to positively, specifically assign such specimens 


as detached teeth or single bones of the ex- 
tr6mltie8.io 

Only where sufficient long bones are 
present to derive data capable of statis- 
tical manipulation might something be 
done on the basis of metrics alone. Yet 
even here the necessary comparative data 
have not been adequately compiled. Sta- 
tistical developments in paleontology 
with the notable exception of the work 
of Simpson^^ and a few others have 
lagged. The zoologist Richards stated no 
less than the simple truth when he said, 
“Taxonomic description of species is 
usually insufficiently quantitative. . . • 
Even where linear measurements are 
given they are not usually recorded in a 
form suitable for analysis. Standard 
deviations are rarely calculated even 
where averages are recorded.”^* 

In the light of these technical diffi- 
culties which we have just reviewed, it 
would appear that there exists a reason- 
able possibility that Bison bison atkor 
bascae represented, at least in a mixed 
form, the last of that lee Age bison 
which early man had hunted in the 
western plains. If that bison as repre- 
sented by the form or varieties variously 
designated as taylori, antiquus or occU 
dentalis was adjusted to cooler and more 
forested conditions, it may, under the 
rising temperature following the ice-re- 
treat, have moved along the fringe of the 
receding ice toward the north. At the 
same time its near relative or actual 
mutant, the existing Plains bison, may 
have infiltrated into its former range. 
This latter animal, doubtless better ad- 
justed to postglacial warmth and dry 

10 J. A. Allen, '‘The American Bisons: liv- 
ing and Extinct,” MemoWi> of the Museum of 
Comparative Zoology, Harvard University, Cam- 
bridge, Mass., p. V, 1876. 

11 O. G. Simpson, American Journal of Sci- 
ence, 239: 785-804, 1941. 

ISO. W. Bichar^, "The Formation of Spe- 
cies,” in G. B. de Beer, "Evolution: Essays on 
Aspects of Evolutionary Biology, ’ ’ Oxford 
Press, 1938, p. 96. 
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prarie conditions, continued to flourish 
into historic time. The big Woodland 
bison, perhaps originally representing 
the taylori type, mixed and intergraded 
somewhat with the Plains bison in the 
northern areas. It suffered a brief 
period of isolation when the southern 
bison were exterminated and then, due 
to the renewed introduction of numbers 
of Plains bison, was tremendously di- 
luted as a type. This dilution is not 
likely to have been entirely a product of 
late mixture, unfortunate though the 
latter has proved. In the days of the 
great herds it is not likely that there 
was a complete dichotomy between two 
such closely related forms. 

The few measurements given by 
Bhoads of a specimen collected before 
the 1925 introduction of Plains bison 
into the preserve, fall within the range 
of measurements recorded for individual 
fossil remains of specimens of taylori and 
oceidentalis here in the United States. 
Unfortunately no extended series of mea- 
surements of early specimens exist, and 
no early skulls are figured. Most of the 
few records available are of the living 
body and are not directly comparable to 
the osteological measurements of the pa- 
leontologist. Mystery clothes both the 
disappearance of the big bison hunted by 
Folsom Man and the shadowy northern 
form whose description, at least in some 
instances, sounds suspiciously similar. 
Because of the undoubted intermingling, 
however, both early and late, the situ- 
ation is not one which promises easy 
clarification. 

* Nor must the thesis of this paper be 
taken opportunely as justification for 
dismissing the antiquity of the Folsom 
and related cultures. Folsom Man knew 
other extinct Pleistocene beasts besides 
Bison taylori. In addition, even if we 


had final and decisive proof of the rela- 
tionship of taylori to Bison bison atkth 
bascae, or could show the actual survival 
of the former in the northern woodland 
within recent centuries, we would not 
have altered the possible antiquity of 
Folsom Man. Rather, by relating the 
shifting bison ranges to the glacial events 
of the terminal Pleistocene we may 
profitably consider whether so marked a 
modification of the type of bison within 
the High Plains area of the United States 
can be reasonably divorced from a direct 
relationship to the climatic changes of 
that period. It is by no means without 
interest that the only documented dis- 
covery of both Bison bison and Bison 
ocddentalis in a deposit which may 
represent the contemporaneous existence 
of both forms is from a peat bog in Min- 
nesota surmounting Wisconsin drift.*' 
Here, perhaps, is the big glacial form 
fading northward and here is Bison 
bison coming in. Interestingly enough, 
one or two of what seem to be the most 
recent survivals of the late Pleistocene 
bison have been reported from Canadian 
areas.*' 

Only more extended exploration of the 
Canadian wilderness and the intensive 
comparison of its fossil bisons will il- 
luminate the whole problem. Until that 
time, however, a question must exist as 
to whether the “extinct” Folsom bison 
lingered on into historic time, at least as 
an attenuated and mixed remnant on the 
northern fringe of that great continental 
bison range which the early travelers de- 
scribed as “making the earth one robe.” 

Prank Levcrett, Quaternary Geology of 
Minnesota and Parts of Adjacent States,” 
U.8,O.S. Professional Paper No. 161, p. 144, 
Washington, 1932. 

>*0. P. Hay, ”The Pleistocene of the Middle 
Begion of North America and Its Vertebrated 
Animals,” Carnegie PnhUeation No. 822A, 
Washington, 1984, p. 200. 
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MAN’S POOR RELATIONS* 

Man’s ‘‘poor relataiona” are the apes, 
monkeys and lemurs whieh, to^^etlier with 
man, constitute the mammalian order of 
Primates. The technical literature ap- 
pertaiuinj? to primates has grown to re- 
spectable size especially during the last 
few decades (see T. C. Ruch, Biblio- 
graphia Primatologica, 1941), but no one 
up to now had ventured to make use of 
thia^terature for producing a book in 
Engfreh which brings together in a single 
volume all the available information on 
man’s nearest animal relations. We do 
possess comprehensive technical mono- 
graphs on the taxonomy of primates 
(notably D. G. Elliot, Review of the Pri- 
mates, 3 vols., 1913), on the general nat- 
ural history and psychology of the man- 
like apes (especially R. M. Yerkes and A. 
W. Yerkes, The Great Apes, 1929), on 
the brain of primates (e.g., P. Tilney, 
The Brain from Ape to Man, 2 vols., 
1928), and many other splendid works, 
but these are always limited in scope to 
one or a few of the many ditferent spe- 
cialities. In the volume under review 
the educated layman is finally told, based 
upon authoritative sources, what his 
numerous cousins look like, where and 
how they live, what and how they eat, 
why and how they fight, how and when 
they love, how they are constructed, what 
their ancestors were like, which among 
the many resemble man most closely, and 
a great deal more besides. All these 
varied data are of greatest help for a full 
understanding of human nature since all 
primates, including man, are the results 
of more or less diverging evolutionary 
experiments derived from one, long ago 
extinct, ancestral stock which gradually 
became changed by widely varying de- 
grees into the six hundred odd ditferent 

1 Man*8 Poor Melations, Earnest Hootou. II- 
luHtrated. xl-f412 pp. $5.00. 1942. Double- 
day, Doran and Company. 


species of to-day. That man is merely a 
modified monkey has come to be fully 
recognized not only by anatomists and 
physiologists, but also by psychologists 
and lately even by some sociologists. The 
long standing lack of a comprehensive 
popular book on primatology is a re- 
proach to our scientific age which prides 
itself on sharing its findings with the 
general public. The average layman of 
to-day possesses hardly more interest in 
or knowledge of his simian cousins than 
did Gilbert and Sullivan who stated some 
time ago: “Man, however well behaved, 
at best is but a monkey shaved.” 

Professor Hooton says of his present 
book that it “represents an anthropolo- 
gist’s temporary revulsion from the 
study of his own kind and his resort to a 
contemplation of other primates which, 
if they are monkeys, behave in a manner 
befitting monkeys, and if they are apes, 
live up to their apehood. They have 
probably fulfilled their evolutionary as- 
pirations, if they have any. At least 
they make no pretense of being better 
and more intelligent than they are. If 
man insi.sts upon aping the apes, he 
ought at any rate, to quit posing as an 
angel.” In his introduction the author 
remarks that: “When you have consid- 
ered this very general and non-technical 
.summary of man’s physical uniqueness, 
you are likely to conclude that he is just 
another primate after all and not so god- 
like in his aberrances as we commonly 
fancy him to be.” It is evident that the 
author, as all competent students of pri- 
mates, takes no undue pride in man’s 
achievements, whether of the body or in 
behavior, and that he is not the least 
ashamed of his animal kinsfolk. 

The first part of the book, and really 
more than one third of it, is devoted to 
what are called the “Ape Aristocrats,” 
i,€,, that small and select company of 
man-like apes, the African gorilla and 
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chimpanzee and the Asiatic orang-utan, 
siamang and gibbon. These resemble 
man unquestionably most closely in body 
and mind and, indeed, are in some re- 
spects even more highly d(»veloped than 
is man himself. It is not for this reason 
alone, however, that so much space has 
been assigned to these Qvc genera, but it 
is due also to the fact that as much has 
been learned concerning these few an- 
thropoid apes as about the remaining 
fifty odd primate genera together. The 
second and third parts of the book de- 
scribe the numerous Old and New World 
monkeys in considerable detail. This is 
followed by a section dealing with the 
lowly prosimians and their varied and 
localized specializations. The final part 
of the volume, entitled ‘^Man and His 
Primate Peers and Inferiors,’’ summar- 
izes the most significant discussions of 
the preceding chapters and this under 
the following main headings: Sex and 
Society; Blood and Relationship; Brains 
and Behavior; Bones and Body Build; 
Extinct Ancestors and Collaterals — 
Mostly Teeth ; and finally Evolutionary 
Prosi)eets. 

As an introduction to primatology and 
as a first attempt to produce a popular 
and ('omprehensive textbook on non- 
human primates this volume is a welcome 
addition to the libraries of anthropolo- 
gists and psychologists; indeed, it is to 
be ho])ed that it will find a place on the 
bookshelves of all people aspiring to a 
real ‘Miberal education.” It is very en- 
tertainingly written and illustrated gen- 
erously with excelleiit and well-selected 
photographs. That it contains some 
minor <‘rrors and inaccuracies is hardly 
surprising in a work of this vast scope 
including many widely differing and 
often highly specialized fields in each of 
which only an expert can know all that 
has become known and discriminate be- 
tween tentative and well-substantiated 
results. The comparatively brief refer- 
ences to the anatomy of the soft parts in 


the various groups of primates are far 
from doing justice to the present state 
of our knowledge concerning these com- 
plex problems. In this field considerable 
progress has been made in recent years, 
particularly through the work of Amer- 
ican investigators, notably Wislocki, Pul- 
ton, Straus, and others. 

Professor Hooton’s latest book fills a 
great need by stimulating popular inter- 
est in primatology and by counteracting 
the anthropoceutricity which is so diffi- 
cult to eradicate in our thinking. People 
should become better acquainted with 
Man’s Poor Relations and this can be 
easily and ])Ieasantly accomplished by 
reading this frank account of all the 
other memb(»rs in man’s zoological fra- 
ternity — the Primates. It is most appro- 
pritc that the volume has been dedicated 
to Professor Robert M. Yerkes, who, more 
than anyone else, has enriched our knowl- 
edge of the beluivior of the man-like apes. 

Adolph II. Schultz 

CUCKOOS AND THEIR EGGS' 

Tins book, based on the author’s very 
large collection of parasitic cuckoos’ 
eggs, mostly from India and Europe, and 
his long interest in the study of these 
birds, deals mainly with the problem of 
the evolution of adaptive similarity be- 
tween the eggs of the parasites and those 
of their hosts. Unfortunately the bulk 
of the material was collected by un- 
trained and even native assistants, with 
the result that the data are often of)en 
to suspicion, while to make the matter 
still less satisfactory the author seems 
to feel that his belief in his conclusions 
can be transmitted to his IJ^ders with- 
out adequate supporting evidence. This 
makes the book very disappointing in- 
deed as a result of a lifetime of etfort. 
However, there are some data and some 
ideas coi^ined in it that are of interest, 
but it takes a special student of the sub- 

^ Cuckoo Prohlcms, E. C. Stuart Baker. Il- 
lustrated. xvi + 207 pp. 25/-. 1942. H. F. & 
G. Witlierby, Ltd. ( London ). 
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ject to pick out the kernels of grain from 
the chaff. For the general reader this 
critical selection is well-nigh impossible, 
and the only benefit that he may hope 
to derive from the book is a general pic- 
ture of what the parasitic habit of the 
cuckoos is like without getting any satis- 
fying explanation or even clarifying ap- 
proach to it. On the other hand, it must 
be said in the author’s defense that as 
experien(*ed a student of adaptation as 
Poulton (who contributes an apprecia- 
tive foreword to the book) appears to 
consider the work important, interesting 
and valuable as a contribution to evolu- 
tionary studies. All the present re- 
viewer can say is that he does not agree. 

To state the author’s main problem in 
a few words, the general picture is this : 
While the individual species of cuckoos 
victimize many species of birds, the ten- 
dency is for each individual hen cuckoo 
to use nests of but a single species of 
fosterer; the eggs laid by any one cuckoo 
are all v(‘ry similar, although there may 
be wide variation in the eggs of each spe- 
cies of cuckoo ; in a large number of cases 
there is a general (and in some cases a 
close) similarity between the eggs of the 
parasite and those of its host or fosterer. 

Haker’s approach to this probhmi is to 
assume that those cuckoos that show lit- 
tle or no egg similarity to their hosts 
are more primitive as parasites than 
those that show more complete egg adap- 
tive similarity. While it is very easy to 
arrange the material in this way there 
is no proof that it is the correct one. 
Furthermore, Baker assumes that para- 
sitism is not a secondarily arrived at con- 
dition in the cuckoos (involving an his- 
torical loss of the nest-building and egg- 
incubating instincts) but an original one, 
right through from some hypothetical 
reptilian ancestor (!). Aside from the 
fact that this is so very unlikely as to be 
dismissed from serious consideration, it 
implies a contradiction to his argument 
for the need of adaptive resemblance in 


eggs, for the cuckoos that he assumes to 
be less well developed as parasites have 
then survived successfully a longer time 
than those with better developed egg 
adaptations, and appear to be in no dan- 
ger of dying out because of their egg 
‘‘handicaps.” 

In spite of its very serious shortcom- 
ings the book presents some basic data of 
interest and should be consulted (but 
with great critical discretion) by a reader 
intending to study the complex problems 
involved. The book is compact in its 
textual matter and quite free from typo- 
graphical errors and is illustrated by 
eight colored plates of eggs and four 
black and white ones of birds and nests. 
There is no index. 

Herbert Friedmann 

INTIMATE STUDIES OF INSECTS 

“A Lot of Insects”^ is the wholly in- 
adequate title of the very remarkable 
new book by Dr. Lutz. Far from being a 
mere annotated listing of the 1,402 spe- 
cies of insects that he collected on the 
suburban lot on which he lives with them, 
it is the repository of the ripe experience 
of a lifetime devoted to the first-hand 
study of insects and their ways. The 
book is a record of x>ersonal observations 
and experiments, which as the brief 
preface indictates were begun wdiere ‘‘the 
laboratory was sometimes in our cellar, 
and sometimes in one of the flower beds 
on the lawn,” and were continued wher- 
ever the service of the Americtan Museum 
of Natural History called him. 

It is the kind of book that only Dr. 
Lutz could write. It is the story of his 
own personal interests in and experi- 
ments with insects of many kinds. It is 
all informing and much of it is very en- 
tertaining. Flashes of humor and un- 
expected turns of thought abound, and 
much good-natured dealing with contro- 
versial questions, and frequent confes- 

lA Lot of Injects, Frank E. Lutz. Illus- 
trated. 304 pp. $3.00. 1941. a. P. Putnam's 
Sons. 
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sions of ignorance, that indicate the high- 
est type of wisdom. He says “Let us not 
be dogmatic about things of which we 
are really ignorant. “ 

It will do a lot of people a world of 
good to read this book. 

James G. Needham 

KNOW THYSELFi 
Psychoanalysis has benefited a great 
many people who otherwise would have 
remained crippled and ineffectual in per- 
sonal and social relations. In view of the 
great deal of time, money and energy 
that has to be expended to effect a suc- 
cessful analysis, it appeared to Dr. 
Homey pertinent to raise the question 
whether self-analysis was possible. 
Hardly, however, does she state the ques- 
tion, than immediately comes the answer 
that such an analysis is at best a matter 
of considerable doubt ; and in this she is 
entirely right, for the problem is a 
pseudo-problem. The successful advance 
of psychoanalysis is perhaps the best 
argument against self-analysis. The of- 
fice of the psychoanalyst is filled with 
patients who have attempted from time 
to time to effect a cure by self-analysis, 
not only with negative but often disas- 
trous results, and no patient is more diflS- 
cult to handle than he or she who has 
made various attempts at self-analysis. 
The book, therefore, is devoted to the 
discussion of the more limited types of 
self-analysis which are confined to those 
cases that have at one time or another 
been or continue to be under the care of 
the analyst. In this sense, therefore, the 
title of the book is a misnomer and en- 
tirely misleading, for readers, on the 
basis of the title of tlit^ook, would sup- 
pose that the author discusses personal 
self-analysis without the help of anyone, 
yet it turns out that the book deals en- 
tirely with such types of self-analysis as 
are only possible under the guidance and 
the help of the psychoanalyst. 

1 Self -Analy 918. Karen Horncj. 309 pp. $3.00. 
1942. W. W. Norton and Company, Tnc. 


It is not that Dr. Homey herself is un- 
aware of the limitations of self-analysis 
as given above, for she offers numerous 
arguments against it, citing, for instance, 
the case of Rousseau. She could have 
given a closer instance in this country 
of Professor William Ellery Leonard, 
who, in his “The Locomotive God,“ has 
made a determined effort to analyze him- 
self. Any one, reading these two books 
and any others of this type, will have no 
difficulty seeing that all these strenuous 
attempts at self-analysis completely fail 
for the very reason that in such analysis 
the patient works against his own inner 
resistances which he is too blind to per- 
ceive and, therefore, can jnot dispose of. 
It is in order to combat^=^h^development 
of resistance that competent analysts 
the world oig^r invariably require the 
patient to dismiss psychoanalysis from 
his mind except during the actual ana- 
lytic session. Additionally, in self-anal- 
ysis, the subject is unable to establish a 
transference, the need of which is an 
acknowledged axiom in analysis and the 
very essence of a psychotherapeutic cure. 
But we do not have to cite the examples 
of Rousseau and Professor Leonard. We 
have a closer instance at hand in the case 
of Freud himself, who, as the originator 
of psychoanalysis, has made an excep- 
tionally strong effort to analyze himself. 
Any one who is at all acquainted with 
psychoanalysis knows how many things 
Freud has missed in his own life because 
he was unable to overcome his own re- 
sistances. The discovery by him of the 
so-called castration complex is found, on 
unbiased and ol)jective analystis, to be but 
a rationalization of his own powerful, 
but unanalyzed masculinity complex. If 
Freud himself was unsuccessful in self- 
analysis, what chance does an ordinary 
mortal have? Again, recognized psycho- 
analytic organizations, including the one 
to which Dr. Homey belongs, demand 
of prospective analysts that they be first 
analyzed. If this is demanded of normal 
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physicians, can less be expected of sick 
laymen ? 

Apart from these considerations, how- 
ever, the book would still have some 
justification were it not written in a 
novelesque, popular, but very deceptive 
style. The material presented is not dis- 
<*ussed in anything like a scientific man- 
ner. The scientifically oriented reader 
who would expect the cases to be planned, 
and precisely and systematically organ- 
ized, will have great difficulty in reading 
the book. Cases are presented in small 
bits with many interruptions. Thus, the 
most fully described ease runs along for 
close to two hundred pages, a little bit 
here, a little bit there; these bits of his- 
tory being sandwiched in between other 
material not directly related to them. 
The style is deceptive because it reads 
very easily, but Avhen one gets through 
reading, it is exceedingly difficult to get 
hold of the stuff and substance of the 
book. It is like a vegetarian dinner, 
which fills you while you are eating, but 
half an hour later you are hungry again. 


The book should never have been 
written. It adds nothing to our clinical 
knowledge as such, and nothing to the 
otherwise good scientific reputation of 
Dr. Homey. It certainly will not be 
appreciated by trained psychoanalysts. 
The general practitioner, who knows 
little about it, will fail to understand 
its meaning and implications. Unfortu- 
nately, it is likely to get into the hands 
of the lay public, to whom the author 
and the publisher make a most obvious 
appeal, but where it is likely to do much 
more harm than good. The general pub- 
lic should have no greater interest in 
psychoanalysis as a therapeutic and med- 
ieval {)ro(*(‘dure than it has in abdominal 
surgery or ophthalmology. The reviewer 
fears that Dr. Homey suffers from a 
“popularity complex’^ and is overreach- 
ing herself in order to reach the public. 
L(»t us hope that tlie book will be the last 
of its type and will not be followed by 
such popular expositions as “How to In- 
terpret Your Own Dreams or “Psycho- 
analysis by Correspondence.’^ 


B. K. 
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DEDICATION OF THE JEFFERSON MEMORIAL' 


On April 13, 1943, the two hundredth 
anniversary of the birth of Thomas Jef- 
ferson, the memorial a })roud nation has 
erected in his memory was dedicated. 
Eiifrraved on its marble walls are a few 
of his words that express implicitlj’^ the 
I)e(daration of Independence, the Four 
Freedoms and the hijrli aspirations of 
scientists. 

I have sworn upon ihe altar of God hos^ 
tility against every form of tyranny over 
the mind of man. 

Jefferson is known ns the author of the 
Declaration of Tndepemlenee, successor 
to Franklin as United States Minister to 
France and President of the United 
States for two terms (1801-1809), but of 
himself he once wrote, Nature intended 
me for the traiujuil pursuit of sciences 
by renderinj^ them my supreme d(‘li<rht.’’ 
Yet it was his fate to be one of the fore- 
most leaders of the American Revolution, 
to witness the stormijij? of the Ihastile in 
1789 as another people pluufred into 
revolution, and to si)end forty years of 
his life in political service of his country 
durin" the stormy i)eri()d wlum it was 
evolvin" into an independent nation. 

In spite of his arduous political life, 
Jefferson always maintained his interests 
in science. While he was minister to 
France he was respected and admired in 
literary and scientific circles as well as 
by statesmen. In fact, he successfully 
challenf^ed Buffon’s opinion that animals 
had deprenerated in the W(»steru Hemis- 
phere. He soujyht out ajid sent to 
America many kinds of plants and ani- 
mals that he thought mijrht be useful in 
the New World. In 1796 he was elected 
President of the American Philosophical 
Society, and when he went to Philadel- 
phia the following year to take the oath 

1 Text by T)r. F, K. Moulton ; photograpliH by 
Abbie Rowe, printed through the courtesy of 
Tlie National Park Service. 


of office as Vice President of the United 
States, he took with him a collection of 
fossil bones of a large mammal and the 
manuscript of a memoir on them for 
presentation before the American Philo- 
sophical Society. He was Presi<lent of 
the Society again during his two terms 
as President of the United States. 

JeffersoiUs taste found their fullest ex- 
pression in th(» building of beautiful 
Monticello on a high rounded hill over- 
looking (Jiarlot tesville, Virginia, with 
the lovely Blue Ridge a few miles beyond 
to the west. He was his own architect 
for the thirty-five-room mansion to which 
he took his bride on New Year’s day, 
1772 timbers in it wei*e cut in his 

own forests, the rocks were taken from 
his hills, the bricks were made from his 
soil, the nails were fashioned in his shops. 
He laid out the principal rectangle, the 
octagonal central hall, the living and din- 
ing rooms, the guest chambers, the ter- 
races, the kit(*hens, the servants’ rpiar- 
ters, the stables, the spacious law)is and 
gardens, and he plantcMl the shrubs and 
trees. His large clock and weather vane 
were designed to be equally visible from 
the interior and the outside, and every 
room carried the marks of his thoughtful 
attention. This home and the University 
of Virgina are expressions of a Jefferson, 
a very human and noble Jefferson, 
largely only a name to the present gen- 
eration, but whose lofty mind and high 
purposes will become somewhat known 
by the millions who will visit the marble 
jiiomorial by the Potomac. 

No one can evaluate the innumerable 
influences, hereditary and environmen- 
tal, that with infinite interactions deter- 
mine the qualities of an individual. But 
Jefferson left words expressing the in- 
fluence of three of his teachers in the 
(College of William and Mary on his life : 
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STATUE OF THOMAS JEFFERSON IN THE MEMORIAL BUILDING 
Ijeft to right; otto r. kooers, architect; dr. risk kimbai.d, member or the executive com- 
mittee or THE THOMAS JEKfERSON MEMORIAL rOITNDATION ; STUART 0. OIBBOMEY, CHAIRMAN OR 
THE COMMISSION ; SENATOR ELBERT I). THOMAS. VICE CHAIRAIAN ; RUDOLPH EVANS, SCULPTOR. 
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PRESIDENT ROOSEVELT SPEAKING AT THE I)f:Dl(3ATION ON APRIL 13. 

^‘Uiidor temptations and difficulties I insure me their approbation? I am cer- 
Avould ask myself what would Dr. Small, tain that this mode of deciding on my 
Mr. Wythe or Payton Randolph do in conduct tended more to correctness than 
this situation? What course in it will any reasoning: powers I possesse<l.’’ 





DEDICATION CEREMONIES OP THE JEFFERSON MEMORIAL 

CHAIRMAN GIBBON EY AND MRS. ROOSEVELT ARE SITTING TO THE RIGHT OF THE PRESIDENT. THE 
UNITED STATES MARINE BAND STANDS IN FRONT OF THE GRAND STAND. 
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DR. WILLIS RODNEY WHITNEY. RECIPIENT OF THE JOHN FRITZ MEDAL^ 


It is unfair to any man to try to de- 
scribe him by a sinp:le quality. He may 
be many thin^fs to different people: a 
loyal friend, an inspiring leader, a ^ood 
fellow, an enthusiastic investigator, a 
pioneer, a practical realist. 

Dr. Whitney is all of these. But his 
most conspicuous quality is scientific 
curiosity. He is a pure scientist, if we 
define pure science as that which is 
motivated by curiosity. I think Dr. 
Whitney would say that pure or impure 
is all the same to him; btit that curiosity 
is the best basis for re.search of any kind. 
He once wrote: “The asset of en^ineer- 
in<^ is exact knowledj^e. The valuable 
attributes of research men are eons(*ious 
ifrnorance and active curiosity.^’ His 
most frequent comment about research 
men is that they are not curious enoujjh. 
The {?oal of research, he believes, is to 
find out how Nature works, rather than 
try to make it fit into our plans or theo- 
ries. In his owm words, “We advance 
more often by findinj? in Nature that 
wliieh we may learn to use than by mak- 
ing? or foreini? from Nature that which 
we think we want.’’ 

The world will never know the full 
extent of Dr. Whitney’s scientific con- 
tributions, because they are inextricably 
bound up with the work of tho.se whom 
he directed. Stimulatinj? sup:<»:estion was 
the feature of his daily rounds of the 
laboratory, but he claimed no credit for 
himself. J do not think it was so much 
conscious p:enerosity, as a fundamental 
point of view. His philosophy of life 
calls for devotion to the .search for Truth 
first, with personal considerations secon- 
dary and more or less immaterial as far 
as he himself is concerned. The fact that 
he nevertheless grained an undyinjj: repu- 
tation is one of the wonderful paradoxes 
of human psycholojry, perhaps one of the 
laws of Natiire as fundamental as the 
physical laws which he souprht to learn. 

1 Awarded jointly by a group of national 
engineering societies. 


The work for which Dr. Whitney is 
best known is the orp^anization and direc- 
tion of the Research Laboratory of the 
(Seneral Electric Company. This was a 
pioneering ta.sk. Industrial research 
laboratori(»s were not new, but their 
activities had been almost exclusively de- 
voted to product development and im- 
provement. Fundamental research was 
confined mostly to universities. Could 
it be done profitably in an industrial 
laboratory ? 

Mr. E. W. Rice, at that time chief en- 
gineer of the General Electric Company, 
had the vision that it could. He looked 
for a young man who might translate 
this vision into reality. He found Willis 
Whitney, a young a.ssistant profe.s.sor at 
M. I. T., who was having a fine time with 
his re.search and not at all concerned 
about another job, least of all a job of 
organization. 

It was typical of Mr. Rice that he did 
not choose an organizer. Dr. Whitney 
is not an executive type. He hates rou- 
tine. (^mferences and committees bore 
him. Budgeting and bookkeeping are 
not among his intere.sts. Nor has he that 
passion for being at the head of some- 
thing, which characterizes many leaders. 
Yet he is one of the most .successful lead- 
ers I have known. Perhaps the conven- 
tional method of leadership is not the 
only one, or even the best one. Inspira- 
tion and exam])lc may be more important 
than direction, at least in the realm of 
research. What Mr. Rice saw in Dr. 
Whitiiey was the scientist, whose enthu- 
.sia.sm for research was infectious. His 
faith in the man he chose never wavered. 

The General Electric Laboratory was 
started as an experiment in industrial 
resear(*h ; namely, a research laboratory 
that would include fundamental investi- 
gations as well as product improvement. 
That the two should go together is essen- 
tial, since fundamental research leads to 
products, which must be nursed through 
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infancy before being passed on to the 
factory. There appears, however, to be 
a tendency, similar to the law of entropy, 
for laboratory activities to drift always 
downward toward practical applications. 
Dr. Whitney’s success in stemming this 
tide, and keeping the balance between 
fundamental and applied science, is one 
of his great accomplishments. It attests 
his faith in the value of pure research, as 
well as faith in him on the part of the 
officials of the General Electric Com- 
pany. 

In organizing the laboratory, Dr. 
Whitney proceeded in the same manner 
as in his other scientific experiments. 
He began cautiously, on a small scale, 
feeling his way. During the first year, 
three days of each week were spent in 
Schenectady, and the other three in Bos- 
ton. By the next year, the laboratory 
was a full-time job for him, with six 
assistants. Each year witnessed a small, 
well-consolidated growth, as in Nature. 
In this way, his own personality became 
indelibly impressed on the organization 
which grew up under his care. His fair- 
ness and strict honesty, thus traasmitted, 
became the basis of the spirit of coopera- 


tion that has been the laboratory’s great- 
est asset. His belief in the value of fun- 
damental research, and his enthusiasm 
for experiment, have become part of that 
mysterious something which we call the 
spirit of the laboratory. 

I can not remember ever having been 
reprimanded or criticized by Dr. Whit- 
ney. His method was encouragement. 
He almost never discharged an employee. 
Those who did not belong in the group 
came to realize it as a mutual condition, 
and left for their own interest. 

In 1932, at the age of sixty-five, Dr. 
Whitney turned the direction of the 
laboratory over to Dr. Coolidge, thus 
finding opportunity to devote himself to 
experimental research, his first love. He 
comes to the laboratory every day. If I 
start early enough in the morning, I fre- 
quently have the pleasure of being picked 
up by him on his way to work, for he is 
still the first one in in the morning, as 
he has always been. To-day he is one of 
the gang. When he decides to stop com- 
ing to the laboratory, I think some part 
of him will still be there, inspiring and 
guiding our work. 

Albert W. Hull 


JOAO BARBOSA RODRIGUES AND A NEW BRAZILIAN POSTAGE STAMP 


Many illustrious students of the ab- 
stract, the theoretical and the physical 
sciences have fittingly been honored for 
their accomplishments and their gifts to 
the advancement of human life and its 
(‘omforts. A myriad of channels and 
devices have been utilized in bestowing 
these public, compliments. Monuments 
have been erected, parks and even cities 
have been dedicated in the names of the 
students of the sciences. During the past 
decade a very effective medium of public 
compliment has internationally been em- 
ployed with increasing frequency. Gov- 
ernments have given their sanction to the 
issuance of special postage stamps, indi- 
vidually designed for the single purpose 


of giving signal honor to great men and 
their deeds. These special pictorial mes- 
sages, through the correspondence of tlie 
masses of the people, destined to the far 
corners of the globe, act as silent educa- 
tors to the recipients wherever they 
may be. 

Brazil has made good use of this broad 
medium of publicity to inform the world 
of her illustrious sons. By a 1942 decree, 
Getulio Vargas, President of the great 
South American land of coffee and rub- 
ber, of iron and cattle, of song and com- 
merce and culture, authorized the prepa- 
ration of a special postage stamp to do 
honor to a great scientist, the botanist 
Barbosa Rodrigues. His sixty-seven 
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THE BRAZILIAN STAMP HONORING THE BOTANIST, BARBOSA RODRIGUES 


years were replete with research, study 
and accomplishment. 

Born in Rio de Janeiro on June 22, 
1842, Joao Barbosa Rodripfues was a 
naturalist of unquestioned merit. Judg- 
in{?, however, by some of the biopfraphies 
that have come to lip:ht since his death on 
March 6, 1909, Barbosa Rodrip:ues in his 
early youth was more inclined to litera- 
ture than to the serious studies of the 
botanical science. Durinp: his literary 
activities he wrote and published a num- 
ber of books, short stories and novels that 
broupfht him fame as a popular writer; 
he also was the founder of a school jour- 
nal called ‘‘Semana dos Meninos,'^ con- 
sidered the first of its kind ever to have 
appeared in Brazil. 

He finished his course at the Instituto 
Comercial in Minas Gerais with hiprhest 
honors of his class and was awarded a 
prize in economics. It was not until 
later, after he had finished his studies, 
that Barbosa Rodripjues devoted all his 
attention to the study of botany, archeol- 
opry and anthropolop:y. Except while he 
was at school he lived with his father of 
the same name, in Sao Goncalo de Sapu- 


eai in the Province of Minas Gerais where 
they had moved shortly after his birth. 
His father was a Portup:ucse subject and 
his mother, Maria Carlota da Silva San- 
tos, was a Brazilian. She died while her 
son was a small boy, after the family had 
moved from Rio de Janeiro to Minas 
Gerais. 

After his return to Rio de Janeiro, fol- 
lowinp: the completion of his schoolinp:, 
he was appointed Secretary of the Col- 
leprio Pedro II where he also taupfht draw- 
ing?. While at this post he revealed his 
inherent tendency for the natural sci- 
ences in the study of which he acquired 
considerable knowledpre. The Imperial 
Government of Brazil sent him to the 
Provinces of Para and Amazonas to make 
scientific investip:ations, e^specially in con- 
nection with the palm trees of those 
areas. In the course oi* bis work Barbosa 
Rodrip:ues discovered and classified a 
larpre number of new species which had 
not been found by other scientists, among 
them the famous Martius and also Rich- 
ard Spence and Alfred Wallace. 

After having collected considerable 
data on the palm trees of the Amazonian 
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VICTORIA REGIA STAMP 

SHOWING A rrX)WER AND PLATTER-UKE LEAF OF 
VICTORIA RKOIA, A LILY OF THE AMAZON VALLEY, 
WHK^H WAS STUDIED BY RODRIGUES. IN THIS 
REGION THE NATIVES GRIND THE SEED POD IN'IX) A 
STARCHY FLOUR FOR FOOD. 

region, Barbosa Rodrifjues endeavored 
to obtain a subsidy from the Government 
of Brazil for the publication of the result 
of his investijrations. He was, however, 
unsuccessful in this attempt. Mean- 
while, Dr. Ueichembak of Vienna, Aus- 
tria, invited Barbosa Rodripues to be his 
collaborator in the preparation of a tract 
on Brazilian orchids, a task that had 
been undertaken by the former some 
years prior but which he had been unable 
to complete due to his inability to locate 
the specimens for study in their native 
habitat. Some time after this, Dr. 
Eichler invited Barbosa Rodriprues to 
perform the same work with Dr. Kraenz- 
lin, Reichembak’s successor in Vienna. 
In his letter to Barbosa Rodrigues, dated 
July 22, 1881, Kraenzlin wrote as fol- 
lows: ‘‘Les especes nouvelles seront pub- 
lices sous le nom et rautoritee Barbosa 
Rodrigues and Kraenzlin ainsi que tout 


1 ’oeuvre. C ’est a vous dc dire oui ou non. 
Vous etes le premier et vous avez merite 
rhonneur.”^ 

Two years after he had started his 
studies on this scientific subject and while 
still engaged in the work, Barbosa Rodri- 
gues met Dr. James Trail, a British ex- 
plorer who had come to the Amazon on 
a scientific mission for his Government. 
Barbosa Rodrigues informed the British 
representative of his di.scoveries in bo- 
tanical fields and the two scientists her- 
borized” together. Some of the speci- 
mens that had been discovered, classified 
and drawn by Barbosa Rodrigues were 
sent to the Kew Gardens in London. Dr. 
Trail, however, claimed full credit in 
regard to these discoveries for himself 
and as a result Barbo.sa Rodrigiu's ener- 
getically proclaimed priority for his 
work. The subject was given considera- 
tion by the Jnstituto Historico e Geo- 
grapliico Brasileiro where Barbosa Rod- 
rigues established beyond question that 
about the time Dr. Trail had arrived in 
Para, he himself had already studied and 
drawn the new species and submitted a 
detailed report to liis Government. 

In addition to the research in the flora 
and the fauna of Para and Amazonas, 
Dr. Barbosa Rodrigues undertook an- 
other task of wholly different character, 
namely, that of educating and (Christian- 
izing the Indians of the Crichanas tribe. 
His work has a strong tendency toward 
pacifying these warring Indians and 
raising their standard of civilization. In 
the conduct of this undertaking he 
studied the language and customs of the 
Crichanas ami left several decidedly use- 
ful books in regard to both. 

Dr. Barbosa Rodrigues is credited with 
being the first layman, unschooled as a 
physician or a chemist, to have made a 

1 "Tho new specioH, as well as the whole work, 
will bo publiMhod under the name and authority 
of Barbosa BodrigueH and Kraenzlin. It’s up 
to you to my * ‘ Yea ’ ’ or * * No. ^ * You have been 
the first and deserve the honor. * * — ‘ * Diccionario 
Bibliographico Brazileiro'' by Antonio Vic- 
torino Alves Sacremento Blake, pp. 359-65. 
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thorcnijrli scientific study of curare, the 
deadly plant poison extensively used by 
the Indians in poisonin" their arrows. 
He found that sodium chloride, common 
table salt, was an effective antidote for 
the lethal action of the violent poison 
which the Indians had so commonly used 
in battle. He also made numerous 
archeological explorations, and one of 
his most notable discoveries in that field 
was the Muirakitan, an idol of the natives 
who inhabited the Amazonian rep:ion louf? 
b(‘fore Columbus arrived in America. 

Dr. Harbosa Kodrijrues was a prolific 
writer of books, rei)orts and monographs 
on plants and archeology, still recognized 
by students of those sciences. Outstand- 
ing among his works, however, the fol- 
lowing should be mentioned : ^‘Enumera- 
tio Jhilmarum”; ‘^Sertuni I’almarum”; 
‘‘Oenera et Species Orehidearum No- 
varnni”; the last mentioned consists of 
seventeen volumes. He was a member 
of several learned and scientific societies 
and institutions of Europe, among tliem 
being the botanical societies of Vienna 
and F](linburgh, and also of the Tnstituto 
Historieo e Geographico Brasileiro of 
Rio de Janeiro. 

The .’300 and the 1000 reis Brazilian 
stamps of 1937 dedicated to the Jardim 
l>otanico, located about twenty minutes’ 
drive from the metrojmlitan cditer of 
Rio de Janeiro, are closely associated 
with the life of Barbosa Rodrigues. Al- 
though founded long before he was born, 
the famous Garden was broadly ex- 
panded and developed while he acted 
as its director, beginning in 1890. 
Shortly after reaching Brazil in 1807 the 
Reigning Monarch, Prince Dom Joao 
(later King John IV of Portugal, Brazil 
and Algarves) ordered the preparation 
of a selected plot of ground for the de- 
veloi)ment of botanical specimens. This 
was known as the Royal Botanical Gar- 
den and has since been renamed the 
Jardim Botanico and expanded until it 
now (*overs an area of some one hundred 



JAKDIM UOTANTCO STAMP 

DKPICTINO TIIK AVKSCK OK UIANT PALM IT^RKS AND 
FOUNTAIN IN THE GAKDEN. AT THE OTHER END OF 
THE AVENUE OF TREES IS A SMALL OHEEK TEMPLE 
DEDICATED TO THE GODDESS OK PALMS WHICH WAS 
ERE(’TED BY RODRIGUES. 

forty acres, being classed as one of the 
outstanding botanical preserves of the 
world. Its present beauty is due largely 
to the rearrangements, the monuments, 
the ponds and paths planned and per- 
fected by Barbosa Rodrigues. Principal 
among these monuments is the Dea Pal- 
maris, a small Greek temple dedicated to 
the Goildess of Palms, located at one end 
of a long avenue of giant palm trees 
which reach an average height of one 
hundred feet with a girth of approxi- 
mately ten feet at their base. A view of 
this beautiful avenue of j)alm8, terminat- 
ing at one end with the Grecian temple 
erected by Barbosa Rodrigues and, at 
the other, with a beautiful double basin 
fountain, is depicted on the unusually 
attractive multi-colored Brazilian post- 
age stamp of 1937. A delightful descrip- 
tion of the Jardim Botanico is contained 
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in a well illustrated article by Dr. P. 
Lamson-Scribner in The Scientific 
Monthly of January, 1938. 

One of the many botanical specimens 
which received the careful attention of 
Barbosa Rodrigues was the Victoria 
Regia which is depicted on an attractive 
dull violet 1000 reis postage stamp of 
Brazil, released during 1940 in compli- 
ment to the World’s Fair in New York. 
The stamp shows one of the large circular 
leaves of the Victoria Regia which at 
times attain a diameter of from six to 
seven feet. The edges turn up at right 
angles to form a border eight or nine 
inches high, giving a platter-like appear- 
ance to the leaf and add appreciably to 
its strength. In addition to the leaf, 
largest in the lily family, the stamp 
shows one of the immense blossoms which 
generally reach the height of flowering 
beauty during the months of April and 
May in their native habitat of the Ama- 
zon Valley. The natives in the Amazon 
regions where the Victoria Regia grows 
in plentitude, use the pod as food, grind- 
ing it to flour which is said to contain 
a large percentage of starch. 


A close analysis of the life of Joao 
Barbosa Rodrigues and the lasting ac- 
complishments which glorify his memory, 
leads to many fields. Prime among them, 
however, his contributions to the devel- 
opment of the botanical science stand 
preeminent as those of a pioneer, a dis- 
coverer and an authority whose decision 
has but seldom been questioned. 

Another outstanding South American 
botanist who has enjoyed the signal 
honor of portraiture on a postage stamp 
was Francisco Antonio Zea of Colombia. 
An accomplished naturalist, Zea was 
called to Bogota at an early age to take 
charge of the National Botanical Gar- 
dens there, but his work in that direction 
was abruptly halted as a result of court 
action due to his having become impli- 
cated with Antonio Narino in the publi- 
cation of ‘‘The Rights of Man.” Para- 
doxically, while in exile under order of 
the Crown’s Judiciary, Zea won an ap- 
pointment at the Botanical Garden of 
Madrid where he was designated and be- 
came famous throughout Europe as a 
professor of natural sciences. 

A. B. Tigre and Albert P. Kunze 


THE USE OF AMINO-ACIDS TO SUPPLANT OR SUPPLEMENT 

BLOOD PLASMA 


Human blood plasma obtained from 
donors and injected intravenously has 
achieved widespread use in patients suf- 
fering from various diseases, in surgical 
shock from severe hemorrhage, and in 
burns. The relative ineffectiveness of 
injections of solutions of saline and glu- 
cose in such conditions is now generally 
known. Plasma owes its peculiar effec- 
tiveness, in large measure at least, to the 
fact that it contains in solution six or 
seven grams per cent, of protein which 
because of its large molecular size exerts 
a colloidal osmotic pressure. This prop- 
erty of pla.sma, as postulat^ by Starling 
nearly fifty years ago, isr essential in 
order to maintain the circulation of the 


blood and a balanced fluid interchange 
between the blood and the tissues. In 
the majority of severe cases, at least one 
liter of plasma is required as an initial 
injection and such an amount requires 
the bleeding of four donors and consider- 
able proce.ssing. Because of this inevi- 
table practical difficulty and for other 
reasons, various solutions have been in- 
vestigated in the hope that they could 
act as blood .substitutes. For example, 
certain animal and vegetable proteins 
form colloidal solutions in water and 
could be used except for the W’ell known 
fact that foreign proteins, when injected, 
produce dangerous anaphylactic reac- 
tions. Curiously enough, gelatin does 
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not have this effect and though tried in 
the past, it has not achieved general use 
because of many difficulties. Other sub- 
stances, non-protein in nature (e.g,, 
acacia, pectin) also form colloidal solu- 
tions in water and thus simulate the be- 
havior of plasma proteins. Although 
good results have followed their use, 
they, too, are foreign substances, and the 
body tries to get rid of them in one way 
or another. 

An entirely different principh* is in- 
volved in the injection of the simpler 
units of protein obtained by thoroughly 
hydrolyzing or digesting animal or vege- 
table proteins. The idea here is not to 
inject a solution which simulates the col- 
loidal effect of plasma proteins, but to 
inject the common building stones of all 
proteins, i.e., amino-acids and polypep- 
tides, thus enabling the body to manufac- 
ture its own new plasma proteins or, 
indeed, proteins in any other part of the 
body. Nearly all protein can be hydro- 
lyzed and will yield a mixture of amino- 
acids and polypeptides; if a proper 
protein is selected and appropriately 
hydrolyzed, the resulting mixture will 
contain all the essential amino-acids 
present in plasma proteins. 

This approach to the therapy of dis- 
eases requiring plasma transfusions is 
essentially a biochemical or metabolic 
one. Prom such a point of view a funda- 
mental fact is the inability of the body to 
replace rapidly the plasma protein loss 
in, say, a severe hemorrhage. The loss 
of the red cells has long been known to 
be of secondary importance to the loss of 
plasma itself. While the loss in blood 
volume is adequately restored from large 
extracellular stores of fluid, unfortu- 
nately this fluid carries little protein, and 
this little apparently is mobilized from 
the liver cells. Thus the loss of blood 
leads to a lowering of the colloidal 
osmotic pressure of the blood, and a week 
or more is required before it is corrected 
spontaneously. Consider how strange 


this is: following the loss of 2000 cubic 
centimeters of blood, a shift of an equal 
volume of protein-free fluid may re- 
store blood volume, but this fluid lacks 
about sixty grams of plasma protein 
which is urgently needed and whose ab- 
sence may prove fatal (or its injection 
may promptly save life). Yet at the 
same time kilograms of tissue protein 
are distributed everywhere without being 
used. The liver is probably a key organ 
in this situation because it is the manu- 
facturing source of all endogenous 
plasma protein. After a severe hemor- 
rhage the liver gives up what protein it 
can spare and become depleted, and must 
then make more protein from amino- 
acids or polypeptides, which in turn 
originate from the breakdown of other 
tissue proteins, unless, of course, it is 
supplied from without. It is this exogen- 
ous supply which offers a therapeutic 
approach. 

Although the injection of hydrolyzed 
protein is a new method of therapy, it 
has already been used extensively as a 
means of intravenous protein alimenta- 
tion in malnourished patients unable 
to take any food by mouth. Indeed, in 
such nutritionally depleted individuals, 
plasma transfusions were, until the in- 
troduction of hydrolyzed protein, the 
sole method of administering protein 
parenterally. In addition to its greater 
cost and inconvenience, plasma in such 
cases is actually inferior to hydrolyzed 
protein for other reasons, i,e,, amino- 
acids being basic building blocks, are 
able to supply means for correcting not 
only the deficiency in the blood stream, 
but deficiencies elsewhere in the body. 
Plasma, on the other hand, ordinarily 
corrects only protein loss from the blood ; 
to be utilized outside the blood stream, 
it presumably must be liydrolyzed to 
smaller units and perhaps even amino- 
acids, before other tissues can utilize 
them for synthesis of their own charac- 
teristic protein. 
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Quite recently experimental studies 
seem to show that hydrolyzed protein 
may prove of value in more acute condi- 
tions, particularly when there is a sud- 
den loss of plasma protein as from actual 
hemorrhage or injury. Such a use im- 
plies, of course, that the synthesis of new 
plasma protein can occur rapidly. Con- 
siderable evidence has accumulated espe- 
cially through the work of Schoenheimer 
with isotopic nitrogen that the metabo- 
lism of protein is rapid. Those and other 
observations furnish a justifiable basis 
for the use of the building stones of pro- 
tein in any condition where plasma pro- 
tein is needed urgently. In the experi- 
ments just mentioned surgical shock was 
produced in dogs by repeated hemor- 
rhage until a fatality ensued. The in- 
jection of solutions of hydrolyzed protein 
to replace the removed blood prolonged 
life significantly as compared with con- 
trols, even those in which citrated dog 
plasma was injected. The mechanism by 
which this result was achieved is not 
entirely clear, but was apparently made 
jmssible by enabling the liver to manu- 
facture new plasma protein which per- 
mitted the subject to withstand further 
loss of blood. Thus, histological study 
of liver sections seemed to indicate that 
this was true. 

Emphasis must be placed on the fact 
that the hydrolyzed proteins used thus 
far have no colloidal osmotic pressure 
and that they can not therefore be con- 
si<lered as a substitute for blood plasma 
in the true sense of the word. However. 


they offer considerable prospect of being 
valuable as a source of material from 
which the body may manufacture plasma 
proteins rapidly and thus spare the need 
for plasma. These observations, more- 
over, open an entirely new field of inves- 
tigation which might be described briefly 
as the study of protein and amino-acid 
metabolism in conditions of stress and 
strain. For example, means may be 
found to accelerate the normal slow re- 
generation of protein which follows a 
severe hemorrhage. Viewed from an- 
other angle, nothing is known of the 
metabolic behavior of proteins which 
have been only partly hydrolyzed. The 
utilization of protein hydrolysates may 
be possible when relatively large aggre- 
gates of amino-acids are injected, aggre- 
gates which may even be large enough to 
exert some colloidal osmotic pressure of 
their own. Only further study will tell. 
Kegardless of tliese considerations, there 
remains the practical superiority of solu- 
tions of hydrolyzed proteins which are 
availablfi in unlimited amounts, and are 
almost as inexpensive to make and give 
as saline and glucose solutions, in con- 
trast to the inevitable expense, difficulties 
and limiting factors in preparing plasma. 
Even if they can only supplement the 
need for pla.sma which is so effective in 
the acute stage of shock, the amino-acids 
of hydrolyzed protein offer considerable 
prospect of conserving much of the valu- 
able plasma for more urgent purposes. 

Robert Elman 
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NEWTON’S PHILOSOPHY OF NATURE’ 

By Dr. LOUIS T. MORE 

PROFESSOR OP PHYSICS, UNIVERSITY OF CINCINNATI 


It would seem to be a waste of time to 
discuss Newton’s philosophy of nature, 
if the judgment of Professor Biirtt is 
correct:* “In scientific discovery and 
formulation Newton was a marvelous 
genius; as a philosopher, he was uncriti- 
cal, sketchy, inconsistent, even second- 
rate.” 

The opinion of Professor Burtt should 
rather read : Newton was of purpose not 
a philosopher, if philosophy be limited to 
a study of ultimate reality and the most 
general causes of things, as many mod- 
ern metaphysicians wish to define it. 
The criticism has also its humorous side; 
since the author then proceeds to show 
that the ideas of Newton, malgre lui, are 
metaphysical. However, the reform of 
science instituted by Bacon, and com- 
pleted by the genius of the seventeenth 
century, was founded on the thesis that 
science should not be concerned with 
ultimate reality and causes; since then, 
science has been more and more re- 
stricted to the enquiry of how things 
occur, and not of v)hy. In other words, 
if there is a natural philosophy, it must 
be defined in its original and widest 
sense, as a love or pursuit of the knowl- 

1 From the symposium on * ‘ Natural Philoso- 
phy^* commemorating the 300th anniversary of 
Newton *8 birth which was to have been pre- 
sented at the New York meeting of the Amer- 
ican Association for the Advancement of 
Science. 

2 Metaphysical Foundations of Physios, p. 203. 


edge of things, whether theoretical or 
practical. 

It would even seem, according to a 
metaphysician, Newton was not a phi- 
losopher because of his “marvelous 
genius”; yet, to his contemporaries he 
was the “incomparable,” because of his 
insistence that hypothesis should be no 
part of natural philosophy. My essay, 
to avoid even the semblance of erudition, 
will be concerned with what he contrib- 
uted towards the downfall of the scho- 
lastic system, and the founding of mod- 
ern science. But, I must insinuate that 
he provided the material for Locke’s em- 
pirical philosophy. 

The source of this break with the past 
was the conviction, widely and naively 
held during the seventeenth century, 
that our observation and reason, when 
properly exercised, are a sure guide to 
truth, an efficient key to unlock the mys- 
teries of the material universe. For 
examples of any such unqualified con- 
viction of truth, we must look to the Mid- 
dle Ages when an infallible knowledge, 
derived from the Bible and the Church, 
was generally accepted ; and, again, 
when in the latter part of the nineteenth 
century, the biologists, under the leader- 
ship of Spencer, Darwin, and Huxley, 
as confidently believed in the dogma of 
evolution for the elucidation of the 
origin and the phenomena of life. 

There is abundant evidence that the 
scientific revolt of the seventeenth cen- 
491 
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tury was a deliberate attempt to put into 
practice Francis Bacon's philosophy of 
induction. It is not necessary to discuss 
its principles at length, or the validity 
of its method; but rather its influence 
on seventeenth century thought. He 
tells us how, while yet an undergraduate 
student at Trinity College, Cambridge, 
he became disgusted with scholastic 
Aristotclianism as it was taught, because 
it had led only to barren disputation, 
and had through the centuries yielded 
no valuable fruit. He then, and there, 
resolved to establish a new philosophy, 
which would give to man the command 
over nature he had lost with the fall of 
Adam. Although his life was embittered 
by his frustrated ambitions and dis- 
tracted by his public offices, he continued 
fitfully to work on his scheme to reform 
scientific method; but he did not even 
partially realize his cherished aims until 
he published, in 1620, the Novum Or- 
ganum, the most important portion of 
his proposed Instauratio Magna, 

Bacon, and his disciples, were con- 
vinced that the Middle Ages had left to 
them a legacy of argument on the causes 
of phenomena and very little knowledge 
of nature. He awoke their enthusiasm 
by the blunt statement that philosophy 
is not a science of things divine or 
human ; it is not even the search for ab- 
stract truth ; it is rather a practical seek- 
ing to improve our condition of life by 
increasing our power over nature and by 
forcing her to yield to us her fruits. 
“All depends," he affirms, “on keeping 
the eye steadily fixed upon the facts of 
nature, and so receiving their images 
simply as they are; for God forbid that 
we should give out a dream of our imagi- 
nation for a pattern of the world."* 

The only source of knowledge we have 
of the external world. Bacon claims, 
comes from the impressions made on our 
sense organs; and the only way we can 
obtain any guidance in the confused flux 
s ImiauTf Preface. 


of eventa, which they present to us, is 
by systematic observation directed by 
our reason. This new method of induc- 
tion is the only clue, a filum labyrinthi, 
by holding on to which we may safely 
and surely trace our way to knowledge 
and thence to power. “First of all we 
must prepare a natural and experimen- 
tal history, sufficient and good ; and this 
is the foundation of all."^ Since we are 
sadly lacking in any adequate collection 
of data, the first requisite is to make 
careful and exact observations of phe- 
nomena, to record them, and then to 
classify them. In time, enough knowl- 
edge will have been acquired so that a 
grasp of the laws of nature will be at- 
tained. Nor, should this search for data 
be left to the whim of the individual; 
societies should be formed and, under the 
direction of the ablest leaders, should 
like a disciplined army go forth to win 
the battle for knowledge. This proposal 
to regiment scientists as an army was 
elaborated in his philosophical romance, 
The New Atlantis, 

While it is true that Voltaire and the 
Encyclopaedists finally gave to Bacon 
the credit for instituting experimental 
philosophy, it was really Robert Boyle, 
followed by Newton and Locke, who im- 
plemented his ideas and made the final 
break with the scientific method of the 
Middle Ages, which Bolingbroke summed 
up as having been guided by “an inner 
sentiment of knowledge." 

When Boyle, whose birth coincided 
with the death of Bacon as closely as 
Newton's with Galileo's, arrived in Lon- 
don in 1644 after his long exile on the 
Continent, the only relief he found from 
the anxieties of the Civil War was in his 
intercourse with what he termed the In- 
visible College, A number of the leading 
scholars of London had acquired the 
habit of meeting once a week to discuss 
matters of philosophy, and especially to 
foster experimental science. It was 
4 Cogitationes, 
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largely the influence of these men which 
induced Boyle to devote his life to chem- 
istry. Later, when the exigencies of war 
removed these Baconians to Oxford, he 
joined them ; and with their sympathetic 
cooperation did the major part of his 
great work. 

After peace followed the Restoration 
in 1660, the Invisible College was incor- 
porated as the Royal Society. There is 
no doubt this Society was formed to 
carry out practically Bacon’s experimen- 
tal method. Bishop Sprat in his History 
of the Royal Society affirms it, and Sir 
Archibald Geikie in its Record of 1912 
states: ‘‘The foundation of the Royal 
Society was one of the earliest fruits of 
the philosophical labours of Francis 
Bacon. The experimental method of re- 
search which that great man so strenu- 
ously expounded in his writings was a 
vehement protest against the deductive 
method which till then had been in 
vogue.” 

We may question whether scientists 
have adhered to the inductive method, or 
have confined themselves to experimen- 
tation and the derivation of laws; and 
we may doubt whether mediaeval science 
was the slave of deduction — certainly 
the alchemists, astrologers, and physi- 
cians made and recorded a great mass 
of observations. Yet the founding of the 
Society was, in a striking manner, the 
formal beginning of a new scientific era. 
By its motto of Ntdlius in Verba, its 
Fellows were pledged not to be bound 
by the dictates of any school of philoso- 
phy; they were to submit all questions 
to experiment ; and they were to express 
all their findings in the simplest and 
clearest words possible so that scientific 
knowledge would become accessible to 
everybody, instead of being jealously 
concealed in the mystic phrases of the 
adept. Perhaps the purpose of the So- 
ciety is most vividly illustrated by an 
anecdote. When St. Andrew was 
selected as its patron, the witty Dr. 


Petty grumbled: ‘‘I had rather have 
had it been St. Thomas’s Day, for he 
would not believe till he had seen and 
put his finger into the holes.” Such 
was then the confidence in observation 
as the key to absolute truth, and the 
popular translation of the motto had an 
early beginning. 

Before discussing the particular ideas 
of Newton, it is advisable to state what is 
generally held to be the nature of the 
physical universe as it was conceived to 
be by seventeenth century natural phi- 
losophers. According to that mechanistic 
hypothesis, the cosmos is a vast machine ; 
its individual parts are imperceptible 
and indivisible atoms whose essential 
attributes are mass, position, size, shape, 
geometric order and arrangement; its 
active principle is innate motion of the 
atoms, including rest, which operates ac- 
cording to rigorous law quite indepen- 
dently of man’s desires and powers. 
The cause for changes of motion which 
produce variety was first attributed to 
collisions of the atoms; but, by the end 
of the century the force of universal 
attraction was accepted as the principle 
of action. 

If we except the disciples of Hobbes, 
who saw nothing operating in the uni- 
verse but blind chance and fortuitous 
motions of atoms, the general opinion 
was that the universe was created by a 
spiritual being; and its operations, had, 
once for all, been so exactly regulated by 
law that subsequent interference was 
rarely necessary. 

This mechanistic conception of the 
universe was the logical conclusion from 
the work of that succession of astronomi- 
cal physicists which began writh the pub- 
lication of Copernicus’s De revolutions 
bus; and was the final phase of that 
Renaissance which reaffirmed the dig- 
nity of man’s nature, and the importance 
of his earthly life for itself. There is 
no doubt of its fundamental break with 
the beliefs of the Middle Ages which 
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found in every act of nature the im- 
mediacy of God, who created the uni- 
verse for the use and benefit of man, and 
who continually regulated it to that end. 
Law and order did not govern but rather 
the will of God and, to a less degree, 
that of man, to the extent that the 
miraculous was the commonplace; the 
orderly, the exception. The astrologers 
taught that the erratic motions of the 
planets were designed to aflfect our 
destiny, and the operations of nature. 
The alchemists thought prayer a neces- 
sary preliminary to the successful out- 
come of their manipulations. As late as 
the sixteenth century, Paracelsus, the 
iconoclast, warns us that prayer and a 
knowledge of the mystical formulae of 
the Kabbala were prerequisites for a 
chemist. To show the extreme view of 
this immediacy of God and of his pur- 
pose in creating the universe, Boyle 
quotes, with his disapproval, the opinion 
of a learned divine that, on the Day of 
Judgment, God would utterly destroy 
the universe as no longer of any use; 
mankind having finished its probation. 
Observation and reason were regarded as 
but frail supports, in comparison with 
the infallible revelation of the Bible and 
the decrees of the Church. 

The mechanistic hypothesis was revo- 
lutionary rather than original, since it 
was a revival of the ideas of the Greek 
philosophers who, with the exception of 
Socrates and Plato, and to a less degree 
of Aristotle, derived their ultimate cause 
from “some inherent law of matter and 
spirit, which leaves no place for the real- 
ity of Ideas, or for a conscious Creator, 
or for cosmic purpose. Nor, in this 
respect, is there much difference between 
the chance results of the atoms of Epi- 
curus rushing fortuitously through the 
void, and the deterministic ionos of Zeno 
alternately expanding and contracting 
in an infinitely continuous medium. 

We may assume with considerable cer- 
tainty that, if the Greek culture had per- 

5 P. E. More, Sceptical Approach to Religion, 


sisted and flourished, the discovery of 
the phenomena and laws of nature would 
have increased steadily; a clear and 
simple phraseology would have devel- 
oped ; and natural philosophy would 
have progressed along mechanistic, or 
deterministic, lines. Such, at least, the 
leadership of Euclid, Hipparchus, Ar- 
chimedes, and others, foreshadowed. 
But, the collapse of the classic civiliza- 
tion, the intrusion of barbarian hordes, 
and the impact of the Christian religion 
with its emphasis on other-worldliness 
and its reliance on revelation, practically 
destroyed all interest in systematic en- 
quiry for centuries and, to a large extent, 
obliterated the scientific knowledge which 
had been accumulated. 

Anyone who has tried to unravel the 
intricacies of alchemy and astrology dur- 
ing the Middle Ages, can only be filled 
with wonder that the followers of those 
sciences acquired as much of useful 
knowledge as they did. Only the crudest 
apparatus was accessible to them; no 
phraseology better adapted to conceal 
knowledge could have been devised. 
Dominated by the belief in the influence 
of the planets on life, and by the search 
for the magic of the philosopher’s stone, 
a bewildering system of mysticism was 
built up which distracted the attention 
from the legitimate purposes of science. 

Lastly, a distorted application of Aris- 
totle’s metaphysics had, by means of 
translations and commentaries from 
Syriac and Arabian sources, been intro- 
duced into Europe. This pseudophi- 
losophy of nature gradually became so 
unquestioned as to be of almost equal 
authority with the Bible and the Church. 
Each product of chemical analysis or 
synthesis was characterized as a com- 
pound of different proportions of Aris- 
totle’s four essential elements — earth, 
water, air, and fire. Since there was no 
agreement as to what these ideal elements 
represented, there could be no agreement 
as to the nature or constitution of bodies. 
Added to this confusion, the alchemists’ 
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chief interest was concerned with the 
transmutation of metals, and they chose 
a philosophic mercury as their principal 
stuff. By hypothesis, to change one 
metal into another, say tin into silver, 
one mu^t detach the specific qualities 
from the tin which left essential mercury 
as a residue; then add consecutively the 
properties of silver. The valuable re- 
agents, acids, alkalis, alcohols, discovered 
in their operations were regarded as of 
little importance, except as they related 
to their absorbing purpose. The major 
operations for transmutation were re- 
peated distillations and prolonged heat- 
ing, and the most accepted criterion of 
transmutation was the right succession 
of colours. Continual discouragement, 
arising from the failure to obtain prac- 
tical results from this logical hypothesis, 
gradually induced alchemists to seek 
supernatural help. Some resorted to 
black magic and sold their souls to the 
devil in exchange for power; others en- 
listed the assistance of God by prayer, 
and by a pious life; but all eagerly 
sought the mysterious philosoidier’s 
stone whose mere presence accomplished 
the impossible task. 

To account for the various attributes 
of body, recourse was had to Aristotle’s 
category of the formal cause by which 
potential substance received actual, ideal 
form. Thus, a body was red because it 
contained the substantial form of red- 
ness; and, frequently, those substantial 
forms were regarded as entities distin- 
guishable from the bodies themselves. 
When scientists were confronted with a 
mystery, such as the levitation of water 
in a suction pump, they could always 
rely on nature’s abject horror of a 
vacuum, which Aristotle had declared to 
be unthinkable, to come to their aid. 

Such in bare outline was the prevail- 
ing philosophy of nature until the six- 
teenth century, when a new school of 
chemistry was founded, under the lead- 
ership of the mystical iconoclast, Para- 


celsus, who introduced the use of chem- 
ical drugs, and advocated a greater re- 
liance on experimentation. The major 
change in philosophy, which these Spa- 
gyrists proposed, was the substitution of 
three hypostatic principles — passing un- 
der the names of essential salt, sulphur, 
and mercury — for the four scholastic ele- 
ments. The change was of little value, 
since no one could define what the sym- 
bolic principles meant. What notably 
happened was a bitter controversy be- 
tween the conservative school of the 
Peripatetics, which had ‘‘not been very 
solicitous to gather experiments” to 
prove their doctrines because they relied 
on pure reason, and the upstart Spa- 
gyrists, scornfully dubbed ‘‘sooty em- 
I)irics,” who had bleared their eyes, and 
befuddled tluur brains, with the smoke of 
their furnaces. 

In fact, instead of clarifying and sim- 
plifying science, there followed a deteri- 
oration in the whole fabric of its phi- 
losophy. Until the sixteenth century, 
however much scholastic alchemy may 
have been obscured by an infusion of 
religious mysticism, and made abortive 
by a fantastic nomenclature, the alchem- 
ists as a body were endeavouring to dis- 
cover the properties of metals by scien- 
tific method ; nor were they fraudulently 
exploiting their work for illicit wealth. 
But in that turbulent century there de- 
veloped a radical, and two-fold, change 
in the aspect of alchemy which caused 
its eflBoroscence in the next century as a 
social and religious menace; and its col- 
lapse in the eighteenth century. As a 
social evil, the transmutation of metals 
was exploited by indi^ iduals, and even 
by governments, solely as a means of 
securing unlimited wealth; as a mystic 
cult, the science degenerated into a gro- 
tesque allegory of the sacraments, and 
of the redemption of man, by an almost 
blasphemous identification of the phi- 
losopher’s stone with the Christ, the 
corner-stone of the Church. 



496 


THE SCIENTIFIC MONTHLY 


It had become evident that mediaeval 
science had outlived its usefulness; but 
it required the effort of a great creative 
century to bring order out of the chaos. 
The institutors of the new mechanistic 
philosophy were Robert Boyle (1627- 
1691), John Locke (1632-1704), and 
Isaac Newton (1642-1727) ; of the three, 
the chief credit must be assigned to 
Boyle. Although they were so nearly of 
an age, he had established his command- 
ing reputation, and had practically won 
the battle, by the publication of his 
Spring and Weight of the Air in 1660, 
and the Sceptical Chymist in 1661. Nor, 
was his leadership challenged for thirty 
years, until the appearance of Newton’s 
Principia and Locke’s Essay concerning 
Human Understanding. 

Thus, thanks to the labors of Bacon 
and Boyle, Newton had ready made for 
him a philosophy, exactly suited to his 
temperament. He was essentially an ex- 
perimentalist ; and he greatly exceeded 
his predecessors in his faith in experi- 
ment rather than in hypothesis, which 
he finally excluded altogether from the 
field of science. The mechanistic phi- 
losophy afforded him also full scope for 
his unrivalled mathematical geniu.s, since 
the problems of position and motion are 
capable of geometrical formulation. To 
these two traits, we must add his love 
of meditation. Apparently, he felt no 
inclination, or obligation, to make public 
any of his great discoveries. The mildly 
critical reception of his letter on the 
composition of white light so puzzled 
and exasperated him that he seriously 
threatened to forsake science; and he 
carried out this resolve to the extent of 
publishing willingly no other important 
work. 

What we must rely on, for Newton’s 
personal ideas on natural philosophy, 
are his letters to friends and scattered 
comments in his works ; but there is one 
notable exception. In 1704, he published 
his Optics, at the desire of some gentle- 


men of the Royal Society; although, to 
avoid disputes he had wished to delay 
its printing. *‘My design in this book 
is not to explain the properties of light 
by hypotheses, but to propose and prove 
them by reason and experiments.^’ And, 
in spite of his professed desire to avoid 
disputes, he appended two short mathe- 
matical tracts in such a way as to accuse 
Leibniz of plagiarism. As a result of 
the bitter accusations of Leibniz and his 
friends, he omitted the tracts in the 
second edition, ^‘as not belonging to the 
subject.” In their stead, he added at 
the end of the book, devoted to experi- 
ments, “some questions; and to shew 
that I do not take gravity for an essen- 
tial property of bodies, I have added one 
question concerning its cause.” It was 
an odd place for such questions, since 
they are, in fact, his speculations on the 
cause and nature of light, gravity, the 
aether, and radiation, or eflBuvia. We 
should never have had his profound re- 
flections on such matters, if he had not 
been stung to the quick by the Leib- 
nizians, who accused him of promoting 
atheism and of being as hypothetical in 
his ideas as others were. Since Boyle 
had elaborated the mechanistic philoso- 
phy in such detail and so sympatheti- 
cally with Newton’s ideas, a short out- 
line of his work will be given as a back- 
ground for that hypothesis. 

Boyle, when a youth, had been con- 
verted to the Baconian philosophy by 
his association with the Invisible College. 
He heard much lip service to the new 
method, but he also saw little effort to 
practise its precepts. He determined to 
devote his life to compare the tenets 
of the Peripatetic, the Spagyristic, and 
the mechanistic hypotheses, with experi- 
ments, and to foster that one which best 
stood the test. To carry out this appar- 
ently revolutionary idea, he migrated to 
Oxford in 1654. For six years, he pre- 
pared himself for this laborious under- 
taking. He associated himself with a 
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small coterie of the ablest scientists in 
England; he put himself under tute- 
lage to change himself from an amateur 
to a professional chemist; he equipped 
laboratories and employed secretaries, 
amanuenses, and assistants, of whom one 
was Robert Hooke. As a small army, 
under his generalship, they were to fol- 
low literally Bacon’s advice, and com- 
pile histories of the physical sciences, 
which would make accessible, in the 
simplest and clearest phraseology, all the 
experimental facts which they would 
discover, and which they could gather 
from other sources. With the evidence 
from these histories, as a beginning, ac- 
curate knowledge would be accumulated 
from which natural laws would evolve, 
and the most rational philosophy would 
be developed. 

Between the years 1660 and 1673, 
Boyle published fifteen treatises — experi- 
mental histories on the air as a body, 
on color, on cold, on effluvia or radiant 
energy, and on many other topics — and 
exhaustive discussions of the three prin- 
cipal philosophies of nature. The suc- 
cess of Boyle was, I think, without 
parallel in scope and results in the his- 
tory of science. His histories were the 
true beginning of scientific memoirs and 
of collections of tabulated data ; the 
Aristotelian elements, and the Spagyr- 
istic hypostatical principles simply van- 
ished ; and with them went the mediaeval 
conception of substantial forms, horror 
vacui, and the miraculous, as active 
agents. 

As a philosophy of nature, he advo- 
cated the acceptance of the atomic and 
mechanistic hypothesis as recently re- 
vived by Gassendi ; but he would always 
remain the sceptic, forbearing to endow 
the corpuscle with any specific qualities 
except mass and simple geometric prop- 
erties; and even these simple metaphys- 
ical postulates were to be considered only 
as guides to thought: “Whether there be 
any one such body [t.e., corpuscle] to be 


constantly met with in all, and each, of 
those that are said to be elemented bod- 
ies, is the thing I now question.” True 
to his purpose of creating experimental 
chemistry, he defined for practical use 
an element as follows: “ I now mean by 
elements — certain primitive and simple, 
or perfectly unmingled bodies; which 
not being made of any other bodies, or 
of one another, are the ingredients of 
which all those called perfectly mixed 
bodies are immediately compounded, and 
into which they are ultimately resolved.” 

As cause of action, he could conceive 
of no other except corpuscular motion 
and rest, and he deprecated the inven- 
tion of a substantial form to account for 
each secondary quality of matter, such as 
color, tone, temperature. He classed 
all these forms of radiant energy in the 
category of effluvia. He hesitated be- 
tween the idea that an effluvium is caused 
by special corpuscles expelled from a 
body, or whether it is the result of mo- 
tion of bodily corpuscles transmitted 
through an aether, as pulses or waves, 
or a combination of both. 

The distinction of a primary quality 
as one which is inherent in body, from a 
secondary quality which is accidental 
and serves merely to distinguish bodies, 
is an artificial and hazardous assump- 
tion. It can be justified by the mechanist 
only as an arbitrary limit he imposes on 
the problems he chooses to investigate; 
and that limitation has its advantages. 

A little consideration will make clear 
that the distinction of primary and sec- 
ondary qualities as a fact of nature is 
a false one. If Boyle assumed color is 
the result of special corpuscles, which 
can differ from the corpuscles of bodies 
only in the degree of their primary qual- 
ities, then he is, in fact, postulating 
color as an entity, or substantial form. 
If he chose to postulate color as the 
effect of motion in an aether, in what 
manner does aetherial motion differ from 
the primary quality of a bodily motion, 
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or the aether itself from a substantial 
form. Nor is this an aeademic question. 
Are not our modern hypotheses of elec- 
trons as body, of wave mechanics, of 
quanta of energy, of packets of li^ht, a 
revival of mediaeval substantial forms of 
occultism? So difiBcult is it for scien- 
tists, who profess to rely on observation, 
to refrain from creating and material- 
izing an occult entity to account for 
what they can not comprehend. They too 
often forget Maxwell’s sound dictum 
that the atom, however disguised, has all 
the ear-marks of being man-made. 

Boyle made a complete cleavage be- 
tween phenomena of the material and 
spiritual worlds. The Christian God was 
the creator and ruler of both ; and man, 
as a unique creation, was endowed with 
such powers of observation and reason 
as to understand the purpose of both to 
a limited degree. The material world 
was created to operate under rigorous 
mechanical laws unaffected by man’s 
desires, at least for the most part; but 
Boyle was sceptical as to the absolute 
rigor of these laws, and credited miracu- 
lous intervention as well as slight vari- 
ability. Instead of promoting atheism, 
the mechanistic hypothesis, if rightly 
interpreted, should be a strong support 
of the Christian religion, since God re- 
vealed his nature and his purpose to- 
wards man through his ordained laws 
of nature. 

But, in Boyle’s conception, since the 
spiritual nature is nobler than the phys- 
ical, and moral character more valuable 
than mechanical power, so science is nec- 
essarily of a lower degree than religion. 
Therefore God had given to man a more 
authoritative revelation of his purpose 
of creation in tlie Bible than he had in 
the Book of Nature, and to implement 
that revelation he did not hesitate to 
change physical law temporarily by fiat 
or because of the legitimate petitions of 
men. 

Although man, being finite in his ap- 
prehension, can not grasp the wimple 


scheme of things entire; yet he can at- 
tain a real knowledge of phenomena 
and their efficient cause, and even to a 
limited degree the final cause and pur- 
pose of the creation. He apparently 
had no doubt that experimental obser- 
vation revealed the phenomenal world 
as it really is. It is a mournful com- 
mentary, that it has taken us some cen- 
turies to recognize the paradox of sci- 
ence that the more accurate our appa- 
ratus, and the more carefully our obser- 
vations are made, just the more certain 
and evident our errors will be; so that 
at last we have formulated, w’ith some 
complacency, the i)rinciple of uncer- 
tainty as a law of nature. 

Nor did Bojde hesitate to trust to the 
same method of obtaining truth in the 
spiritual world. He was a leader in the 
Deistic branch of the Anglican Church 
which followed a via media between the 
Homan is ts who could not err, and the 
Calvinists who would not. While he de- 
nied the infallibility of the Bible and of 
the Roman Clnirch, and the inerrant 
logic of Calvin, he agreed with the Deists 
that those matters necessary for salva- 
tion are so few and so simply stated in 
the Scriptur(is that we can apprehend 
them. Alas again, time has proved that 
even what is necessary for salvation is a 
matter of infinite dispute. 

The great productive period of Boyle, 
1660-1673, coincides exactly with the 
years of Newton’s life, when, as he re- 
marked, his mind was most active, and 
his inventive genius at the height of its 
creative power. He entered Trinity Col- 
lege in 1660; he spent from August 1665, 
to March 1667 at Woolsthorpe, where he 
invented the calculus, discovered the 
laws of gravitation and the composition 
of light ; and, in February, 1672, he sent 
to the Royal Society, his Letter^ contain- 
ing his new theory of light and colors — 
‘‘being in my judgment the oddest, if 
not the most considerable detection, 
which hath hitherto been made in the 
operations of nature.” 
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It will hardly be denied that the phil- 
osophic bias of a man is largely deter- 
mined by his temperament, and that his 
success is dependent on its being in sym- 
pathy with contemporary ideas. If we 
can impute Boyle’s influence to the fact 
that, as the first modern experimentalist, 
he was in accord with the prevailing 
“climate of opinion,” we must class 
Newton as a supreme example of that 
type of mind. While Boyle was diffuse 
in his interests, Newton was concen- 
trated and, having begun to meditate on 
any subject, he never let it lapse until 
he had wrung out of it all he could. Not 
only was he a greater experimentalist 
than Boyle, but he also was endowed 
with an incomparable mathematical gen- 
ius. But he used mathematics only as 
a tool; as an end in itself, he considered 
it a dry and barren subject, and tending 
to involve one in useless speculation, or 
hypothesis. In his conviction as to the 
sterility of scientific hypothesis, he far 
exceeded the precepts of Bacon, and the 
practice of Boyle. Nothing angered him 
more than to accuse him of introducing 
occult causes in the Principia. As an 
answer to this charge by the Cartesians, 
he retorted that his system was founded 
on experimental evidence, and developed 
with mathematical rigor; and for that 
reason, “the hypothesis of \ortices is 
pressed with many difficulties.” 

Not only did Newton believe that the 
first commandment of science was that 
theory must be based on experimental 
facts, but he also was ready to abandon 
his cosmic theory without hesitation if it 
lacked that support . . . ; “After he 
[Molyneux], and Mr. Graham and Brad- 
ley had put up a perpendicular telescope 
at Kew to find out the parallax of the 
fixed stars, they found a certain nuta- 
tion in the earth which they could not 
account for, and thought destroyed the 
Newtonian system — M. told I. N. as 
gently and tactfully as he could — ^But 
all I. N. said in reply was, ‘It may be 


so, there is no arguing against facts and 
experiments.’ 

Because of Newton’s discovery of the 
universal force of gravitation, and the 
unparalleled influence of his Principia, 
he is popularly, and erroneously, re- 
garded as the dictator of a universal 
machine ruthlessly governed by rigorous 
geometric laws and in which man is 
reduced to be a puny and impotent on- 
looker. If, however, we examine this 
work critically, we shall find that, except 
for a short and formal statement of ab- 
stract mechanical j)rinciples as an intro- 
duction, the body of the work is an ex- 
position of Bacon’s inductive philosophy 
as it was experimentally dcvelojjed by 
Boyle. 

Newton, in his Preface, makes his pur- 
pose clear that he is considering a very 
restricted category of problems ; namely, 
those which obviously involve only posi- 
tion, motion, and a mechanical force, all 
of which are quantitatively expressible 
in geometric propositions and theorems. 
Furthermore*, in agreement with this 
purpose all other qualities of body are 
abstracted excepting mass, a numerical 
coefficient equal to the ratio of the me- 
chanical force, and the acceleration it 
prodiKJOs. 

Newton expressed his purpose with 
such cure that the passage is quoted: 
“Since the ancients (as we are told by 
I^appus) made great account of the sci- 
ence of mechanics in the investigation of 
natural things ; and the moderns, laying 
aside substantial forms and occult quali- 
ties [Note the influence of Boyle], have 
endeavoured to subject the phenomena 
of nature to the laws of mathematics, I 
have in this treatise cultivated mathe- 
matics so far as it regards philosophy.” 
Taken by itself, this statement would 
justify the idea that he embraced the 
whole of objective phenomena; but not 
so, if we read further : 

^Portsmouth Papars. Memorandum by Con- 
duitt. 
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“We consider chiefly those things 
which relate to gravity, levity, elastic 
force, the resistance of fluids, and the 
like forces, whether attractive or repul- 
sive; ... to this end the general propo- 
sitions in the first and second books are 
directed. In the third book, we give an 
example of this in the explication of the 
System of the World ; for by the propo- 
sitions mathematically demonstrated in 
the first book, we there derive from the 
celestial phenomena the forces of gravity 
with which bodies tend to the sun and 
the several planets. Then from these 
forces, by other propositions which are 
also mathematical, we deduce the mo- 
tions of the planets, the comets, the 
moon, and the sea. I wkh we could 
derive the rest of the phenomena of 
nature by the same kind of reasoning 
from mechanical principles; for I am in- 
duced by many reasons to suspect that 
they may all depend upon certain forces 
by which the particles of bodies, by some 
causes hitherto unknown, are either mu- 
tually impelled towards each other, and 
cohere in regular figures, or are repelled 
and recede from each other.’’ How far 
he succeeded in his “wish” to apply me- 
chanical principles to the phenomena of 
light, will be discussed later. 

Shortly after the Principia was pub- 
lished, Newton was charged with having, 
himself, introduced occult qualities, or 
substantial forms; and, more seriously 
by Leibniz, that he had encouraged 
atheism, because his God was at most 
merely an indefinite being who created 
an universal machine, which was self- 
acting and needed but a mechanic to 
keep in repair. To the charge of occult- 
ism, he answered, that his system in- 
volved only such principles as Yw in- 
ertiae, gravity, fermentation, and cohe- 
sion. These are not occult qualities, as 
were substantial forms and vortices, be- 
cause they are observable phenomena. 
Their causes are occult and, for that rea- 
son, speculation in regard to such causes 
had been excluded from his work. 


As to the charge of atheism, it should 
be remembered that Hobbes had aroused 
a great controversy in England; such 
leaders of science, as Boyle and Newton 
repudiated his materialism as atheistic, 
and were sensitive lest their ideas should 
be confused with his: hence the Boyle 
Lectures against Atheism, and Newton’s 
General Scholium, It also should be re- 
membered that Leibniz was then smart- 
ing under the accusation of plagiarism. 
Newton was certainly not an atheist, but 
his views on Christian dogma are puz- 
zling. All his life Newton remained a 
professing member of the Anglican 
Church. He was an incessant reader 
of the Bible, believed in a spiritual and 
personal God, and in his miraculous in- 
terference in man’s behalf. Yet he was 
privately a Unitarian, and rejected the 
doctrine of the Trinity, on the ground 
that what could not be understood was 
not necessary to be believed. This con- 
flict between Christian dogma and prac- 
tice was frequent at that time, and must 
always result from an attempt to ration- 
alize religion. 

Newton was emphatic that the uni- 
verse was created by a spiritual Agent, 
who, having planned and instituted ade- 
quate mechanical laws, had little need to 
interfere in their future operation. 
Thus, to investigate these laws was to 
learn in part the purpose and plan of 
God; but, his laws and relations with 
man are revealed in the Bible. 

Our knowledge of objective phe- 
nomena, Newton thought, was brought 
to us by mechanical motion to the sense 
organs, and from them transmitted along 
tlie nerves to the brain. The translation, 
and interpretation of these messages 
were made by an immaterial entity, spirit, 
or soul, located in the brain and which, 
following Henry More, he termed the 
sensorium. This association of an im- 
material entity and of body was a fre- 
quent device. Descartes placed the mind 
in the pineal gland ; Boyle regarded the 
union of the soul and body as the great- 
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est of mysteries, to be accepted only on 
faith. 

Before Bentley published his Boyle 
Lectures, he wrote to Newton that he had 
supported his argument for the existence 
of a Divine Creator on evidence from 
the Prinoipia; and he asked whether the 
universe could have been created by 
natural powers. 

Newton answered : “When I wrote my 
treatise about our system, I had an eye 
upon such principles as might work with 
considering men, for the belief of a 
Deity.’’ He then answers Bentley’s 
question, by first postulating matter to 
be uniformly distributed through all 
space in the beginning, as the atheists 
had supposed, and all the particles to 
be mutually attractive. If space is finite, 
he thought all the matter would drift to 
one centre and form a great spherical 
mass. If space is infinite, there w’ould 
be no centre and some matter would fall 
to one point, and some to another, and 
thus make the stars. 

It is evident that Newton had given 
little thought to the problem, for he be- 
came critical of his opinions as the cor- 
respondence continued. Finally, after 
many attempts, he concluded that the 
postulate — afterwards assumed by Kant 
and Laplace — was “inconsistent with 
the hypothesis of innate gravity, without 
a supernatural power to reconcile them ; 
and therefore it infers a Deity.” It was 
of this correspondence, that Dr. Johnson 
remarked: “Even the mind of Newton 
gains ground gradually upon darkness.” 

Later, to meet the accusation of athe- 
ism, he made his confession of faith in 
the General Scholium to the second edi- 
tion of the Principia: “This most beau- 
tiful system of the sun, planets, and 
comets could only proceed from the coun- 
sel and dominion of an intelligent and 
powerful Being. ... As a blind man 
has no idea of colours, so have we no 
idea of the manner by which the all- wise 
God perceives and understands all 
things.” 


All the bodies forming the universe 
are, according to Newton, composed of 
discrete atoms, which are endowed with 
the primary geometric qualities, first 
proposed by Galileo. But he also en- 
dowed bodies with an additional quality, 
a fact which historians have overlooked. 
Ilis third definition of motion reads: 
“The vis insita, or innate force of mat- 
ter, is a power of resisting, by which 
everybody, as much as in it lies, endeav- 
ours to persevere in its present state. . . . 
This vis insita may, by a most significant 
name, be called vis inertiae, or force of 
inactivity,^* The acceptance of a vital- 
istic principle, perhaps, was infiuenced 
by Henry More, whose philosophy was 
based on the necessity of spiritual forces 
in the operations of the physical world. 

Newton had made the supreme discov- 
ery of universal attraction, with which to 
replace mere motion as the active agent 
of phenomena. But, he was deeply im- 
pressed by the lack of evidence of a 
repelling force to give balance and sta- 
bility. He even went so far as to suppose 
the existence of a most subtle Spirit 
which pervades and lies hid in all gross 
bodies. In seeking for an illustration 
of this Spirit, he notes the fact that 
“electric bodies operate to greater dis- 
tances, as well repelling as attracting the 
neighbouring corpuscles. ” Then he cau- 
tiously adds, we have not the experimen- 
tal evidence “which is required to an 
accurate determination and demonstra- 
tion of the laws by which this electric 
and elastic Spirit operates. “ 

This invocation of a subtle Spirit to 
explain any perplexing phenomenon is 
a time-worn custom. Once a personal 
demon or angel, it passed into the form 
of a philosopher’s stone or a universal 
elixir ; then, it reappeared as an exhala- 
tion or effluvium of a mysterious nature. 
When Boyle proved that air was no 
more occult than any other body, effluvia 
were stripped of their spiritual powers, 
and became aethers which accomplished 
their functions by mechanical action. 
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Newton was a convert to the Boylean 
aether, and wrote to him, his idea of its 
nature; ‘‘I suppose that there is diffused 
through all places an aetherial substance, 
capable of contraction or dilatation, 
strongly elastic; and, in a word, much 
like air in all respects, but far more 
subtile. I suppose this aether pervades 
all gross bodies, but yet so as to stand 
rarer in the pores than in free spaces; 
and so much the rarer, as their pores are 
less [or the bodies are denser]. To 
understand the better the enthusiasm 
aroused by the substitution of a gaseous 
and corpuscular aether in place of more 
apparently mysterious Spirits, we should 
recall the equal relief caused by Max- 
wells theory of electrodynamics, and the 
change of a gaseous, into an electro- 
magnetic, aether. 

When Newton allowed himself to relax 
the limitations he imi^oscd on the scien- 
tific method, he was an imaginative and 
daring speculator. Of the many illustra- 
tions he cites in a private letter to Boyle, 
to show how he would use the aether to 
explain phenomena, those for gravity 
and light will suffice. 

Newton first devised an experiment to 
prove that gravity is not an innate qual- 
ity of matter. He found that the jjeriod 
of a pendulum was quite independent 
of the kind of matter composing its bob ; 
and he conclud(;d that the attraction of 
the earth was independent of any specific 
properties of the corpuscles. He then 
enquired into the possibility whether the 
aether described above could, by its pres- 
sure, cause attraction. He, first, assumed 
that the aether, between two bodies, pro- 
gressively rarefies as they apj) roach each 
other. By an explanation too long and 
intricate, and I may add too vague, to be 
quoted, he satisfied himself that the pres- 
sure of such an aether would account for 
their attraction; also, it would produce 
a repulsion, when they approached very 
closely to each other. In justice to New- 
ton, I quote from his letter; “The truth 


is, my notions about things of this kind 
are so indigested, that I am not well satis- 
fied myself in them ; and what I am not 
satisfied in, 1 can scarce esteem fit to be 
communicated to others, especially in 
natural philosophy, where there is no 
end of fancying. “ 

It is often stated that Newton, by 
adopting the corpuscular theory of light, 
retarded progress in the subject for a 
century. But, it should also be remem- 
bered that he carefully considered the 
possibility of its propagation by aetherial 
waves. In order to obtain a relation 
between the properties of a gas and the 
velocity of wave transmission through 

it, he made a careful determination of 
the velocity of sound through^air, and 
discovered the law that V = \/e/d* Since 
the velocity of light was then computed 
to be 700,000 times that of sound, he con- 
cluded that “the elastic force of this 
medium, in proportion to its density, 
must be above 700,000* times greater 
than the elastic force of the air is in pro- 
portion to its density. “ It was not the 
staggering properties of such a gas which 
made him discard the wave theory, but 
rather the impossibility of explaining the 
newly discovered polarization of light as 
a property of a c,ompressional wave. 
The later assumption of a transverse 
wave in a gas may have solved the prob- 
lem of polarization, but it was ultimately 
the death of the luminiferous aether. 
Such violent assumptions, to explain a 
particular phenomenon, were absolutely 
repugnant to him. 

Having decided in favor of the cor- 
puscular theory, Newton was free to 
speculate on its effects. A multitude of 
light corpuscles occupy the pores of a 
body and, by their motion, agitate its 
corpuscles to cause the phenomena of 
heat. When they arc expelled from a 
body, they travel through space as rays 
of light. I f they fall upon the retina of 
the eye they cause a vibration in it which 
proceeds along the nerve fibers, and are 
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translated by the sensorium as color — 
the longest vibrations as red; and the 
shortest as violet. Also, these rays of 
light set up waves in the gaseous aether 
which travel faster than the rays and 
give to them alternate fits of easy refrac- 
tion and reflection when they strike a 
body. 

Since light, aetherial, and bodily, cor- 
puscles differ only in degree, and not in 
kind, there should be a mutual gravita- 
tional action which will deflect a ray of 
light as it passes close by a body. An* 
not, he asks, gross bodies and light con- 
vertible into one another? Such a 
process ^Ms very conformable to the 
course of nature, which seems delighted 
with transmutations,’* as Mr. Boyle 
proved when by frequent distillations he 
changed water into fixed earth. These 
illustrations may show what Ncwdon 
could add to the metaphysics of nature, 
and I esteem him as fertile in fanciful 
speculation as, for example. Sir Arthur 
Eddington. 

I have, for the most part, discussed 
what Newton would have slightingly 
termed his hypotheses; his greatest con- 
tribution to the pliilosophy of science 
was made in 1673, at the beginning of 
his career. 1 am referring to his New 
Theory of Light and Colours. I had 
often wondered why he, so persistently 
reticent, should then boastfully claim to 
have made the greatest of scientific dis- 
coveries. Yet, he must have known that 
his discovery of the law of gravitation, 
as a new fact, far out-weighed that of 
the nature of white light. I am con- 
vinced his enthusiasm was aroused be- 
cause he realized that he had for the 
first time brought one of the secondary 
qualities of matter into the field of 
geometry and mechanics; that he had 
given final authority to empirical sci- 
ence; and that he had determined the 
limits of scientific, or at least quantita- 
tive, experimentation. Since I dwelt on 
this idea at some length in my Life of 


Newton, I shall now limit myself to a 
short extract from that argument. 

Newton, in the first place, refused to 
give an hypothetical explanation of 
color and, in the second place, he re- 
fused to adopt the psychologic, or sub- 
j(*ctive, sensation of color as a criterion 
for physical, or objective, phenomena of 
light. To him, as a physicist, a primary 
ray of light was one which had a definite 
angle of refrangibility, and could not be 
decomposed by a prism, irrespective of 
what sensation of color it might cause. 
Hooke’s classification of red and blue as 
primary colors, because, when mixed, 
they gave the sensation of white, were 
no more primary according to Newton’s 
mechanical criterion than were any other 
non-dispersive colors; nor was that 
white physically the same as the white 
of the continuous spectrum. This may 
seem to be a trifling difference, but it 
involves the essential problem of what 
constitutes the scientific method, if it be 
defined as an objective investigation of 
phenomena. To the physicist, the prob- 
lem ends when light energy is physically 
absorbed by retina; for the psychologist 
the problem begins with that absorption. 
What happens by which that energy is 
translated into color is a process to which 
science can give no clue. 

A short discussion of the effect of the 
mechanistic philosophy, as a whole, on 
subsequent thought is the proper conclu- 
sion of this essay. Quoting from Basil 
Willey’s Seventeenth Century Back- 
ground: ^‘Though there is no diminu- 
tion in the volume of praise which is 
bestowed on the giants of the seventeenth 
century — ‘the century of genius’ — there 
is no longer the old tone of expansive 
optimism, the glad sense of final escape 
from error. Though no one denies the 
extent of our gains, it is more often of 
our losses that we are now reminded.” 

Of our losses, Professor Whitehead 
writes:’ Nature according to the mech- 

7 Science and the Modern World, Ch. III. 
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anistic philosophy ‘‘is a dull affair, 
soundless, scentless, colourless; merely 
the hurrying of material, endlessly, 
meaninglessly. However you disguise it, 
this is the practical outcome of the char- 
acteristic scientific philosophy which 
closed the seventeenth century. No 
alternative system of organizing the 
pursuit of scientific truth has been sug- 
gested. It is not only reigning, but it is 
without a rival. And yet — it is quite 
unbelievable. This conception of the 
universe is surely framed in terms of 
high abstractions, and the paradox only 
arises because we have mistaken our 
abstractions for concrete realities. . . . 
Thereby, modern philosophy has been 
ruined.^’ 

I agree fully with Professor White- 
‘ head that the mechanistic philosophy, as 
it has been enlarged and developed since 
the seventeenth century, has, on the 
whole, been disastrous to society; and 
especially to religion. But, on whom, is 
to be placed the blame ; certainly not on 
its institutorsf No, the blame rests 
squarely on their successors who, either 
ignorantly, or wilfully, extended it to 
disciplines and fields of thought which 
Bacon, Boyle, and Newton would have 
utterly rejected as mechanical or mate- 
rial. They omitted from the science our 
sense perceptions of color, scent, sound, 
because such sensations are not mechani- 
cal. They, also, first recognized that 
such sensations are preceded, even if not 
caused, by phenomena involving objec- 
tive body, force, and motion, or kinetic 


energy as we now class them together. 
They, and most physicists since then, 
have restricted themselves to the study 
and applications of this mechanical 
energy with eminent success. Nor, is it 
surprising that they, qufi mechanists, 
class certain qualities as primary for 
their purpose, and others as secondary. 
Is there any other method of studying a 
given subject except by such abstrac- 
tions t Is not a theologian permitted to 
treat the Christian religion, and to re- 
gard other faiths as of secondary impor- 
tance t It may be unfortunate to be 
limited in capacity but, perhaps, the per- 
sistent attempts of metaphysicians to em- 
brace all knowledge in a single frame is 
a part cause of their incoherence and 
ambiguity. 

In its own field, the science of mechan- 
ics has been so successful and so exact 
that it has been extended to other sci- 
ences verbally, but not factually. It was 
not the mechanistic physicists who made 
the mechanistic philosophy “not only 
reigning, but without a rival. “ It was 
the biologists, who have pictured life as 
a mechanical evolution of matter; the 
psychologists, who have identified sensa- 
tion, thought, and the soul, with mechani- 
cal energy; the sociologists, who have 
tried to substitute rigorous social laws 
for individual responsibility and free- 
will; and who have degraded Christian 
ideals of other-worldliness to a humani- 
tarian hedonism. It is these scientists 
and monistic metaphysicians, who have 
ruined modern philosophy. 
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In the first part of this paper, which Forests formerly covered large areas, 
appeared in The Scientific Monthly as evidenced by a record dated in 1557 
for May, 1943, we have shown from in tlie gazetteer of Hsing Hsien issued in 
observations and experiments of the 1763, which states that before the time of 
senior author what has led to destructive Chia-ching (1522-1566) mountain for- 
erosion and damage by floods. These ests were flourishing and dense in the 
facts were found near the headwaters of drainage basin of the Wei-fen River, 
the Fen River in Shansi, China. We which rises to the oast in Lan Ilsien Dis- 
have also presented evidence from trict and flows with several tributaries 
printed Chinese records studied and through Hsing Hsien. In the Pang-slian 
translated by the junior author regard- District considerable areas are still for- 
ing the area of the sacred mountain ested, as found and studied by the senior 
Wu-t*ai Shan, about fifty miles to the author in 1925. Remnants of the original 
east, and other areas in the northern part forest cover lie between the 6,000 and 
of the province, which traces the course 8,500 foot contours on Kuan-ti Shan, 
of land use through 1,800 years. In The largest tract consisted of a dense 
spite of once successful measures for stand of poplar (PopwiifS, sp.) and birch 
conservation, deforestation of slopes and {BeiuluSy sp.) which apparently suc- 
erosion of cultivated fields have irrepar- ceeded a coniferous forest entirely cut off 
ably damaged large areas and induced at some time in the past. At similar ele- 
destructive regimens of the streams. vations forest stands of pure larch 
Similar experiments were carried out {Larix dahurica) were found and mixed 
and records examined for other areas in stands of larch and spruce, 
the same province which are now to be In Fang Shan District observations 
discussed. showed that the loess cover is cultivated 

in every locality and on every slope where 
Similar Reports from Other Areas ^ man can keep his footing. Above 6,000 
Passing southward to the west of the feet possible farming land is left to forest 
Fen River we next consider three ad- not because of low temperatures, but be- 
joining districts with steep, mountainous cause of the ravages of wild boar on root 
topography. Lan Hsien extends on both and other crops. Cutting of the forest 
sides of the divide between the Pen and in a small way has apparently been car- 
Yellow Rivers, while Hsing and Fang- ried on for a long period of time, but 
shan Districts are west of the divide, except in rare instances the soil has not 
The rainfall is in general convectional been cleared and cultivated. It is signifi- 
in type, and is heavier than in most parts cant that in the forest areas studied no 
of Shansi because of the altitude, 9,000 soil erosion was going on, that the water 
feet (2,870 meters) at Kuan-ti Shan, of streams was clear at all times, even 
Loess soils cover elevations up to 5,000 after the most violent rains, while under 
feet, above which mountains are of gran- observation from July 26 to August 19 
ite weathered into residual loamy soils of 1925, when stream flow was being mea- 
very subject to accelerated erosion. sured. Stream-flow changed little dur- 
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ing and following these heavy thunder- 
storm rains; the flow contained bits of 
humus material in suspension which 
scarcely discolored the water, but mottled 
it with blackish particles. Filtering the 
water following storms gave negative re- 
sults for silt. Despite the heavy rains 
that fall in this region (60.3 mm, or 2.37 
inches in eleven hours, 40.7 mm, or 1.60 
inches, in 10 hours, and 12.5 mm, or 
0.5 inches, in one quarter hour were 
observed), soil erosion is lacking and 
stream-flow is well regulated (4.8 inches 
in twenty-four hours was the greatest 
observed rise in level) ; whereas in the 
Tung Chai area such rains on cultivated 
slopes produced raging torrents, which 
tore soil and rock out of flanks of moun- 
tain sides and carried such debris head- 
long down water courses as we observed 
during rainy seasons of 1924 and 1925 
and reported elsewhere.^’ 

Historical records indicate that such 
accel(‘rated erosion is of long standing. 
The gazetteer of Hsing Hsien already 
cited says: Now (1557) (in the drainage 
area of the Wei-fen Kiver), the opening 
up of virgin soil by cultivation is daily 
extended, and the peaks and slopes are 
all bared of trees and other covering. Of 
Lan District in particular, which con- 
tains the upper part of this drainage 
area, its gazetteer dated in 1730 states 
that even the good fields are eroded by 
annual heavy rains till they are all cut 
into watercourses and gullies, leaving an 
inch of earth diflScult to cultivate. 

This gazetteer also reports 21,819.62 
acres (1,442 ch’ing 14.3 mou) of land in 
default for grain tax of 6,542 taels, found 
by investigation to be w^aste land with no 
discoverable owners or slopes seriously 
eroded by water. In 1657 (fourteenth 
year of Shun-chih) the second month the 
Shansi governor secured remission by 
edict of taxes on 1,783 acres (117 eliding 
85 mou) of deserted land, which had been 
injured and rendered useless, and in the 
eighth month of the same year exemption 
27 Part I. p. 400 /. 


for 18,185 acres (1,201 ch’ing 92.35 mou) 
of additional deserted land. 

That the connection between forest de- 
struction, cultivation of the land and 
erosion and destructive floods was not 
unknown to the Chinese nearly four cen- 
turies ago is made clear by a passage in 
the gazetteer of Hsing District, dated in 
1557, which says : 

The south side of the city of Hsing Hsien is a 
few hundred feet from the Wei-fen River, which 
rises in the mountains of Lan District thirty 
miles away and has a number of tributaries. 
Before the time of Chiaching (1522-1666) 
mountain forests were flourishing and dense, and 
although there were heavy rains, still they 
largely soaked in and were impeded (in runoflf), 
and the river was not a plague. Now the open- 
ing up of virgin soil by cultivation is daily ex- 
tended, and the peaks and slopes are all bared 
of trees and other covering. Every summer and 
autumn the water rushes down steep slopes with- 
out the slightest obstruction or storage. There- 
fore its force becomes more angry in its rapid 
flow, so that the dyke and bank are made to fall 
in ruins and people ’s dwellings and the enclosing 
wall of the South Gate are completely washed 
away. People in the east and west enclosures 
have also moved out to avoid calamity. 

The walls were repaired in 1555-1556, 
but in that year or the next the river 
dyke collapsed to the great danger of the 
city, and in 1557 Wang Wan called a con- 
ference on the matter. Again in 1822 
(the secomi year of Tao-kuang) the river 
suddenly overflowed after soaking rains, 
damaged the southeastern corner of the 
city, destroyed several hundred feet of 
the city wall and swept away several 
hundred dwellings (chien). Of the three 
streets of the East Suburb only one was 
left; and as to the earth wall and the 
lane, even their former location could not 
be made out. The city wall was rebuilt 
with the aid of 1,000 ounces of silver 
granted by the Emperor. 

Chinese writers in this area report that 
differences in the use of land have re- 
sulted ill great differences in regimen of 
stream-flow, which is regular in forested 
areas but becomes irregular and destruc- 
tive where forests have been removed and 
soil is cultivated and eroded. In the 
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latter case damage to soils leading to 
their abandonment for cultivation is re- 
corded as an additional result of unleash- 
ing of forces of erosion in mountainous 
regions. K^o-lan Department, lying 
north of Hsing and Lan Districts and 
west of Tung Ohai, shows similar condi- 
tions to these. 

The record of land taxation in its 
gazetteer (1881) shows taxes remitted 
for over 19,200 acres of land injured and 
deserted, being more than luilf the total 
on the tax list, in the years 1647, 1653 
and 1853. Meantime land amounting to 
18,626 acres had been newiy brought 
under cultivation by 1728. New land in 
cultivation had been substituted for most 
of the abandoned fields. 

The record of Yung-niiig Department, 
adjoining Fang-shan District on the 
south, in gazetteers of 1703 and 1881 is 
similar to that of Using District, with 
remnants of forest and destructive 
floods, first meiitioned in the Hung-ehih 
period (1488-1505). 

The District of T’ai-yuau, a few miles 
south of the present capital of the Pro- 
vince, lies mostly in the plain of the Fen 
River, with a steep mountainous area on 
the west. Here as elsewhere in Shansi 
the rainfall occurs as heavy thunder- 
storm downpours in the summer. The 
soils are alluvial in the plain, having 
been derived from erosion of the loess at 
the lower elevations and of residual soils 
of slopes formerly forested but cleared 
and cultivated until abandoned. 

There is evidence in gazetteers of for- 
ests on mountains to the west and south- 
west of the city of T’ai-yuan Hsien 
within a few miles of the river. The 
plain has long been cultivated, in part 
under irrigation. Records contained in 
the gazetteer issued in 1826 include ac- 
counts of numerous destructive floods 
beginning in the thirteenth century a.d. 
These floods through the centuries have 
entered the city of T ^ai-yuan Hsien, 
silted up and destroyed buildings, car- 
-^tied away dykes and silted up canals for 



DENSE POPLAR STANDS 

WHICH riJRNlSH EXCKLLBNT MATEBUL FOB MATCH 
STOCK. A MATCH COMPANY ESTABLISHED ITS 
IIRADQIJABTEBS IN THIS FANG SHAN AREA OF 
SHANSI FOB THE EXPLOITATION OF IJLRGE AREAS 
OF THIS TYPE OF FOREST. 

irrigation and the city moat. A stone 
dyke built in Ming times (Cheng-te 
period 1506-1521) and repaired in 1528 
(the seventh year of Chia-ching) was 
breached and partly washed away in the 
first years of Ch^ieii-lung (1736-1795), 
the water forming three sand rivers up 
to the east and north suburbs of the city. 
Another breach was produced in 1752 
and 1753 (the seventeenth and eighteenth 
years of Ch^ien-lung) with still greater 
injury to the west and south suburbs 
and to neighboring fields and houses. In 
1287 (the twenty-fourth year of Yuan- 
Shih-tsu Chih-yuan) the river overflowed 
and damaged crops. In 1501 (fourteenth 
year of Hsiao-tsung Hung-chih) the 
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GENERAL VIEW OF GUTTING IN A FOREST OF JiARCH, FANG SHAN AREA 

SHOWING THE TIMBERS PREPARED RBIADY FOR PACKING OUT ON MULE B\CK TO THE VAULEY. 


water of the Feu rose more than forty 
feet. Of the villajres and hamlets alon^ 
the river banks the houses and j^rowinj? 
^raln were (tarried away or submerged 
almost alto{j:ether ; and a jjreat famine 
followed, we are told. Aj?ain in “the 
sixteenth year of Mu-tsunjr Lunjr-eh ’in<r’^ 
(1582? perhaps an error for sixth. 1572) 
a great famine is reported when the Fen 
Kiver overflowed its banks, earrying 
away and inundating growing grain on 
both east and west sides. In I68I3 (tw^en- 
ty -second year of K’ang-hsi) floods in 
autumn carried away and inundated 
almost completely the crops of standing 
grain. 

In 1725 (the third year of Yung- 
cheng) flood waters from the P'en were 
four or five feet deep over level land, 
crops were swept away or inundated and 
dwellings in certain named villages col- 
lapsed in ruins. In 1748 (the thirteenth 
year of Ch’ien-lung) an overflow' of the 
Fen wdien w heat was ripe emptied all the 
heads in one evening. In 1768 (the thir- 
ty-third year) wdth heavy rain the Pen 
overflow^ and a torrent from Wind Val- 
ley (Feng-yii) ruined over 400 feet of 
the city wall. In 1775 (the fortieth 


year) water from Wind Valley swept 
away and inundated several villages 
southwest of the city, both fields and 
dwellings, and inundated Yin-Kung 
Shrine. And so the tragic account goes 
on for district after district of Shansi. 

The gazetteer of Ch^ing-yuan subur- 
ban district (now^ Ch^ing-yuan Hsieii, 
southwest of T^ai-yuan Ilsien), for 1882 
also shows forest remnants, as temjile 
and monastery forests, and records many 
damaging floods oF the Fen and other 
rivers, also tw'o shifts in the bed of the 
Fen Kiver in 1870 and 1872. Blocking 
of canals wdth silt is frequently reported 
in the records. ''' 

Ilsu-kou District oast of Ch Mug-yuan 
across tin* Fen River lies in the plain. 
Its gazetteer of 1712 records no trees but 
wdllow" plantings around moat and dyke. 
Many destructive floods over the plain 
are reported, along wdth stoppage of 
canals wdth silt and covering of land 
with mud and sand, and the drying up 
of an irrigating canal in spring and sum- 
mer. Continuing destructive floods are 
reported in the gazetteer of 1881. This 
w'ork also reports the entire disappear- 
ance of groves of willow trees formerly 
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growing: about the earthen altars cledi- 
eated to spirits of the land and ^raiii 
and to those of woods, elond, thunder 
and rain. 

In this area we find deforestation, eoni- 
bined with extensive damage to ajrrienl- 
tnral land, to irrijration eanals and to 
other works of man by torrential floods 
orijrinatinji: in deforested mountains. 

T’ai-kn District lies a little to the east 
of th(‘ Fen Kiver, its western ])art in the 
plain and its eastern part hilly and 
mountainous. Rainfall oeeiirs in jrreat 
l>art as thunderstorm downpours, with 
oeeasional frentle rains. Soils are made 
up chiefly of a deep mantle of loess winch 
is very fertile if watered with rains, but 
also very susceptible to rapid jrully ero- 
sion when cultivated on slopes without 
terracin*r. 

The jrazette(‘r of T’ai-kn District pub- 
lished in 1855 records past deforestation 
of various mountains and hills. Re^ard- 
inj? a mountain called Pine Ranjje (SuJi^ 
Lin^) ten miles southeast of the city it 
ipiotes the Wan^^ jfa/etteer (1739) as 
saying: ‘‘The mountain is hi^h, ]>ines 


flourishinj^; in the morninji: clouds rise 
like towers; one of the ten (famous) 
views. Afterwards it was soujfht out 
with axe and hatchet; the forest of pines 
disai)i)eared and the mountain was left 
bare; the clouds also had no place to rest 
on. Now only the empty name remains. 
(See also poem in 8/21 b f.). Of the 
Drajifon Hills (Luujx Kanj?) five li NE. 
of the city, it says*. “One of the ten 
famous views. In late Minj^ ami early 
(‘IPinp: dynasty times thick stands of 
pine and cedar jxrew on the hills. Cut- 
tinjr for timber went on rai)idly, and the 
hills were <rradually denuded of trees and 
herbaj^e, and now nothinji: is left on the 
small hills, and all are bare of trees.” 

Re^ardin^ the behavior of streams and 
rivers it (|Uotes another earlier «razetteer 
(1795) : 

Jrrigalion in tin* soutlicaNt ih cany, in the 
n<»rthwi*8t more diflieult, for using svatur of tin* 
plain is easier, hut waters from the mountains 
iiarder; IxM-ausc great rivers, although they may 
keep their names, are as blotted out in fall and 
winter, and in summer when it rains mountain 
t<»rrents rise suddenly; if there is nothing to 
withstand tin* wild waters, they overflow’ the land 



VIEW OF LARCH FOREST WITH CUTTING IN PROGRESS 

PANG SHAN AREA OP THE PROVINCE OP SHANSI. THE LARCH OC(njRS AS PURR STANDS IN GROUPS. 
SPRUCE AND BIRCH ARE INTERMIXED IN THE DAMPER AREAS. 
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Itt all directiona; and if there are no dykes to 
lead and collect the flood waters, they quickly 
cut gullies and go straight on, and are lost for 
irrigation. Therefore the difficulty of profitable 
use of water is nowhere greater than in Bhaiisi, 
both as to high and low water. 

The adjoining district of Ch’i Ilsien 
has somewhat similar records, both of 
forest remnants on certain mountains 
and of destructive floods from 1544 on. 
The same is true of Wen-shui District, 
to the west across the Fen River, in which 
the first flood reported was in 1491, and 
shiftings in the course of rivers repeat- 
edly occur. There in 1657, 2,812.67 acres 
(185 ch'ing 89.982 mou) of land were 
exempted from taxation because carried 
aw^ay by a river or occupied by water. 
Similar records come from Pen-yang Dis- 
trict (Fenchowfu) to the south of this 
and from P’ing-yao District next south- 
east across the Fen. Farther south along 
the Fen River we find similar records in 
gazetteers of the Districts of Chieh-hsiu, 
Ling-shih, Hung-tung, Lin-Pen and Chi- 
shun. 


The District of Ch’iu-yuan lies near 
the headw’aters of the Ch’in River, which 
drains a large portion of the dissected 
highland of southeastern Shansi. The 
mountain massif reaches altitudes of 
7,000 feet in the highest points; the gen- 
eral elevation of the tops of the ridges 
varies between 5,000 and 6,000 feet. The 
valleys are generally steep- walled, and 
the face of the landscape is conspicuously 
dissected. The floors of the main drain- 
age system in the upper part of the 
watershed are 500 to 1,000 feet below the 
general plain of the higher ridges. A 
high ridge along the west side of the dis- 
trict separates this drainage from that 
of the Pen River. 

The rainfall comes mainly as convec- 
tional summer thunderstorms, with occa- 
sional gentle rains. 

The soils in this district are chiefly 
residual, being derived from calcareous 
formations bearing coal scams and liard 
shales. Within temple forests soils with 
normal profiles mantle the country rock, 



DETAILED CUTTING, SHOWING HOW WASTE TIMBER IS LEFT IN TREE TOPS 

SUCH KNOTTY MATERIAL DOES NOT PAY FOR TRANSPORTATION BY PACK MULES. MUCH WASTE OP 
TIMUR OCCURS HERB IN THE FANG SHAN AREA, IN SPITE OF THE GREAT NEED OF TIMBER IN CHINA, 
PARTIALLY RESULTING FROM THIS WASTE. 
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A ('UTTTNG OVERRUN BY A SLAHH FIRE IN THE PANG MHAN AREA 

NOTE HIGH 8TUMP8 THAT ARE SERIOUS WASTAOR OP TIMBER. LABOR AND MANAGEMENT PROUI.RMS 
WERE RESPONSIBLE FOR HIGH STUMPS IN THIS CASE. 


but tho soil profile is generally eroded 
away to parent material in old eultivated 
areas. Soil aeeumulates in benches be- 
hind rou^dily horizontal bands of vefre- 
tation, and is there still cultivated in 
nineh reduced area. 

Small tracts of forests were examined 
by the senior author in iy25 and are 
mentioned in {gazetteers of Ch 'in-yuan 
District (1780, 1881). These have been 
preserved by near-by villajres, .sometimes 
actinji: in concert. The re{rion is {gen- 
erally cultivated, except for the scattered 
forests, but as much as 40 per cent, of the 
r(‘{i:ion is now in barren slopes, which {ren- 
erally sho\v evidences of former cultiva- 
tion. Where abandoned, tlie slopes arc 
cominjr back to a tree cover, but very 
slowly, for {rrazing by sheep and goats 
tends to keep the vegetation down. 

In the northern part of the district, at 
T'sung-tzu Yu, the senior author made 
a study of a forest about sixteen acres 
in area which had been protected and 
managed by the village, whereas sur- 


rounding areas had been cleared and cul- 
tivated and were seriously eroded. This 
forest of pine {Pinus Massoniana) lies 
between the contours of 4,500 and 4,800 
feet; the forest floor is covered with a 
flourishing understory of shrubs. Doubt- 
le.ss this growth ow^es its preservation 
from fuel gatherers to easily accessible 
seams of coal in the surrounding region. 

Records of runoff W'ere made for dupli- 
cate plots in the forest and on a homol- 
ogous but denuded slope near-by, in 
twenty-three storms covering a period of 
eighteen days and totaling a fall of 12.1 
inches (807.5 mm) of rain. In the forest 
plots the percentage of runoff for the 
total of twTiity-three storms was .126 per 
cent., where the greatest runoff coefficient 
for a single storm was 0.284 per cent. 
From plots in fields denuded by erosion, 
the average runoff coefficient of total 
rainfall was 7.2 per cent, and the great- 
e.st measured for a single storm w^as 19.85 
per cent. A most significant finding was 
that no erosion took place in tlie forested 
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LOADING HEWN TIMBERS 

ON A iMlJLE TO BE TKANSPORTED FROM THE FANG 
SHAN AREA DOWN ShOPK TO THE STREAM FOR 
FLOATING TO THE VALl.KY, THE MOUNTAINS IN 
THE MIDDLE FORKGROX^ND HWE BEEN DEFORESTED. 

area, in sharp eontrast to that on the 
(lemnled area, \vhei*e erosion was Jn‘avy 
and during two storms exeessive silt and 
detritus so elofrged the instruments that 
the records were lost on tliese two occa- 
sions, when runoff and erosion were 
{greatest of all storms of the rainy season. 

The ij:azetteers also irive records of 
floods in this district. That of 1730 tells 
that in 1513 (eij?hth year of C3ien<;-te) 
floods carried away and inundated more 
than a thousand ch’in^ (15,130 acres) of 
Hjrricultural land. Several hundred 
ch’ini? of fields are recorded as airain 
flooded by tlie Ch’in River in 1591 
(VVan-li nineteenth year). In 1G51, 1652 


and 1653 there were floods which ruined 
more than 687 ch^njr (10,394 acres) of 
aj'ricuJtnral land. The supplementary 
gazetteer of 1881 tells of the land of a 
whole villajje beinj? desertexl because of 
calamity after calamity from floods. 

In 1877 flood dama<res were heavy, 
after which taxes on the land of this vil- 
lajre were revoked in perpetuity. One 
piece of school land is recorded as buried 
with sand and two others as washed 
away by floods. The gazetteer of 1730 
records the exemption from taxation in 
1657 of 10,417 acres (688 chMn^ 48 mou) 
of land dama»?ed or destroyed and tluni 
deserted. Remaininjr crop land was only 
30,652 acres (2,025 eh’inp: 91 mou). In 
1729 and 1730 (s(‘ventli and eijyhth years 
of Yun{?-chenjr) 461.6 acres (30 
50.9 mou) of land wei-(* recorded asjwiWly 
broujrht under cultivation. 

Extensivi* remnants of early forests 
are left on Mien-shan or Mien Mountain 
partly in this district and partly in the 
districts of Chieh-hsiu and liinj^-shih. 
One area of amdent forest is carefully 
preserved by cijrldeen villaj^es, which to- 
jrether control tin* cuttinj*: of trees. A 
temple stands in this communal forest, 
which also contains 4,000 or more of a 
rare spxndes of white-barked pine {Pi mis 
Bmiinaua) 

This area shows most of the facts shown 
in other areas already studied. Partial 
protection of forests, in this case maiidy 
by villay:es, sometimes actiiifr in a ^roup, 
has prevented excessive erosion ; but 
where slopinjr lands were cleared and 
cultivated, they have been damaj^ed or 
ruined by erosion and abandoned for 
ajrriculture. R(‘storation of forest cover 
on such areas is delayed by "raziiifr of 
sheep and j?oats; and destructive floods 
occur in streams that drain denuded 
areas. 

Farther to the southeast near the cor- 
ner of the province, Kao-p’ing District 

H. Smith, ‘M*relimiimry Report on Bo- 
tanical Invent igation in South and (Vntral 
SlmnHi,” China Journal^ 3: 505-507. 1925. 
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shows a record siiniJar, but witJi forests 
more a thing of the past and with floods 
moi'e prominent in its history. As one 
writer in the gazetteer of 1880 put it; 
‘M^^ormerly able men vied with one an- 
other in profit from irrigation, but now 
. . . silt <laily collects in canals and the 
waters are reduced . . . crops are dam- 
aged by excessive water in floods. Water 
brings ruin instead of j)rofit.” 

Siu*h in brief is tin* record in gazetteers 
and in the land of how <leforestalion, cul 
tivation and erosion with consequent 
flooding and silting, have taken place in 
the Province of Shansi. This record 
covers only a part of the long history 
of China, and belongs to the “dark 
])eriod“ according to some historians. 

Co.NSEUVATION IN CjlINKSE IIlSTOKY 

The history of the treatment of forests 
in China before the Republic has been 
classified into three periods by Teng Shu- 
chuiC’': the Ancient I’eriod, from earliest 

2ft Xeng Hhu-cimn, M. P. ‘‘Tlu* early His- 
tory oj' Forestry in (^hina,” thnir. Foi.^ 25: 
5(54 /. Wiisliiiigton, 1927. 


time to about 1100 b.(\, the (lolden Period 
from 1100 B.c. to 250 b.c., and the Dark 
Period from 250 b.c. to a.d. 1911. In the 
(lolden Period rapid progress was made 
in steps toward conservation of land and 
forests. These measures suggest those 
now being applied in the United States. 
More than 2,000 years ago in China land 
was classified as to its best use, and regu- 
lations were set uj) for its distribution to 
and cultivation by the population. Com- 
missions of mountain forests and of 
swamps were set up. Policing of foothill 
forests and of rivers and streams was 
])rovided for. The Commission for 
Mountain Forests was put in control of 
mountainous lauds and the forests and 
set up rules and regulations for ju’otect- 
ing and harvesting them. Cutting of 
timber was limited to certain periods of 
the year. And Uiore surprising still, if 
one is surprised at the genius of the 
(’hinese ])eo])le, wild-life regulations were 
set up for the swamps and game and w ild 
fowl. In sliort, W’c have in this remark- 
able era, w hen the classics of (.^hina were 
written by the sages, the principles of 



RAFTING TIMBER DOWN A STREAM IN THE FANG SHAN AREA 

THE ARE MADE INTO GREAT SNAKE RAFTS WHICH ABE SKILFULLY GUIDED BY BOLD RIVKRMF.N 

DOWN THE SHALLOW WATER OF MOUNTAIN STREAMS TO THE VALLEY. 
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VIEW or HEADQUARTERS OF A MATCH COMPANY 
CONSTRUCTED TO HARVEST TIMBER OF A GREAT TEMPLE FOREST OF SOME TWENTY SQUARE MILES IN 
THE FANG SHAN MOlfNTAINS. THE FOREST IS SPRUCE AND LARCH ON THE SI^OPES, AND BIRCH AND 

POPLAR IN THE MOIST VALLEYS. 


conservation set forth in remarkably 
clear outline, and apparently upheld for 
centuries with governmental rej^ulations. 

But these wise measures seem to have 
been relaxed with the decline of the 
C4 k)W Dynasty and the jrrowinj^ strenprth 
of the feudal states when intense rivalry 
and conflict spread throughout the coun- 
try. Warfare nullified rcjrulations and 
fostered exploitation of forests and 
lands.^^* 

Then followed what Teuj? has called 
the Dark I’eriod of about 2,000 years. 
This period was ushered in by Ch^in 
Shih-Huanp:, whose jjrreat projjram of 
construction would have been possible 
only with abundant timber supplies, and 
is believed to have Unb the principal 
cause for deforestinjr areas that 

were never allowed t^^ow up to forest 
again. Only in the temple groves and 
forests do we find remnants of the origi- 

30 Teng, 8. C. l(h, p. 567, So also Chang, 
F. Y. * * Historical Sketch of Chinese Forestry, ' * 
Jour, of the Afiriculiural AsHociaiion of China, 
No. 77, June, 1930, pp. 4 /. (in Chinese). 


nal forests of the Golden Period, to 
which the senior author has called atten- 
tion. These remnant forests protected 
by temples are instructive in giving 
highly useful information, as samples of 
the original condition of soil and forests 
throughout most of China, as the sort of 
forest growth that the present climate 
will support, and as areas having the 
normal rate of geologic erosion when 
compared with erosion accelerated by 
clearing and cultivation of slopes, and 
finally as the goals of the new conserva- 
tion program that may reasonably be 
achieved. In these respects “temple for- 
e.sts“ have the highest scientific and prac- 
tical interest in the reconstruction and 
conservation program of China. Our 
account of what has hajipened in the 
Province of Shansi is indicative of what 
went on throughout the greater part of 
China during the latter part of the Dark 
Period. 

With overthrow of the reactionary 
Manchu Dynasty and establishment of 
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the Republic in 1912, there was bejrun a 
new period, which may be called the 
Period of Reconstruction. To its aid 
came modern pure and applied sciences 
of agriculture, forestry and engineering. 
In that year the Ministry of Agriculture 
and Forestry was established and forest 
nurseries were started throughout China. 
In 1914, this Ministry was combined with 
the Ministry of Industry and Coinnierec 
to form the Ministry of Agriculture 
and Commerce which has finally been 
changed to the Ministry of Agriculture 
and Forestry. Many Chinese students 
were sent to the United States, some of 
whom have been trained in fundamental 
and applied sciences of agriculture and 
forestry. Rut still more Chine.se stu- 
dents were trained in these fields in 
American supported universities and col- 
leges in China, and. in national univer- 
sities, and have become more and more 
influential in the Chinese Covernment. 
These well-trained men and women fur- 
nish the aims and major drive of the 
reconstruction movement in China. 


Movements fok Conservation in the 
Old and New Worlds 
Poetic justice has worked its wondrous 
ways again in mutual aid by China and 
the United States in developing conser- 
vation in the two countries. So old and 
so new is tin* experience of these coun- 
tries in use of their re.spective lauds that 
su(*h community of interest may at first 
seem to be remarkable. From China the 
United States, as we have seen, got much 
of its inspiration for conservation of for- 
ests; in turn China got from America a 
new imi)etus to ])rinciples of conserva- 
tion that had been enunciated in (/hina 
during the Golden Period,’’ more than 
twenty-two centuries ago. From Amer- 
ica, China got her start in scientific for- 
estry, althotigh the senior author found 
in isolated parts of China, forestry prac- 
ticed in greater detail than he had ever 
seen in Germany. It was under the late 
Colonel George P. Ahern, as director of 
the Bureau of Forestry of the Philip- 
pines in 1911 and later years that the 
movement for training Chinese students 



SLOPES CLEARED FOR CULTIVATION AND LARGELY ABANDONED 

IN THE CH 'IN YUAN DISTRICT, SHANSI, WITH ONE SLOPE IN PROTECTED FOREST. SOIL EROSION IB HERE 
WAGING A WINNING FIGHT WITH CULTIVATION. THE BENCHING OP BOIL AGAINST HORIZONTAL STRIPS 
OF PERENNIAL GROWTH STILL PROVIDES 8ITEB FOR CULTIVATED FIELDS. 
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RTDGK WITH VILLAGE FOREST ON THE FAK SIDE, CHMN-YUAN DISTRICT 
THE FIELD 18 CULTIVATED TO THE VERY SUMMIT, BUT BECAUSE OF (lULLIES WASHED IN THE SOIL 
COULD BE (’ULTIVATED CONTINUOUSLY NO LONGER THAN TEN YEARS. 


at the Forest School in Manila begran. 
Later a School of Forestry was estab- 
lished in tlie F()llcp:e of Agriculture and 
Forestry of the* University of Nanking*: 
l)y doseph Baillie, followed by Dean d. 
II. Heisner and then by Dean K. S. Kuo,* 
and other able Chinese leaders. More- 
over, many Chinese leaders in forestry 
and conservation were trained in tin* 
United States, and became ‘‘American 
Keturned Students.^’ Of these, Nj^an 
llan, trained at the Forestry School of 
Michifran, was the first director of for- 
estry for China ; and D. Y. Lin, a gradu- 
ate of Massachusetts Aj?ricultural Col- 
Ie»:e and later of the Yale Forest School, 
as professor of forestry at Nanking: jrave 
a series of lectures throufifhout China on 
conservation with special reference to 
forests, and created a national interest 
that has ]>ersisted and {?rown to this day 
but with setbacks due to internal and for- 
eifjn wars, and lias been a major influence 
in the Government foi^^^"onservation and 
flood control. Many others too numerous 
to mention here have made important 
contributions to forest and soil conserva- 
tion. Despite handicaps, remarkable 
l)roj^ress in conservation has been made 
under the leadership of the Generalissimo 
* Now director of the Natiouul Bureau of Re- 
Hoarcli. 


C-hianpr Kai-shek in the national recon- 
struction projrram, the progress of which 
has amazed foreign observers, and car- 
ried on desjiite deep invasion of ^ ruth- 
less foreijrn army. 

The movement in the United States for 
the conservation of soils has jrrown out 
of soil surveys and experimental studies 
of soil erosion. About thirty years a^o. 
Dr. II. II. Bennett, chief of the Soil Con- 
servation Service, then a soil surveyor, 
challenjred the method then in use of 
{riviniJ: a new soil series name to a subsoil 
eroded bare of its top soil, of the same 
.soil series. ^ This early work establi.shed 
a scientific basis for reeop:nition. of soil 
erosion in soil .surveys. It was not, 
however, until experimental studies by 
Duley and Miller, Bartel, the senior 
author,’* Bennett and Chapline,'*^ Dick- 

Bfimctt, II. II. Soils of the United States. 
U,S.D.A. Bui .0(5. 1913. 

Duley, F. L. and Miller, M. F. Erosion 
and Surface Runoff under Different Soil (^ondi- 
tioiiM. Mo, Atjr, Expl, Sia, Research Bui 63. 
1923. 

Bartel, F. O. First Progress Report on Soil 
Erosion Experiments. North Carolina Expt. Sta. 
Farm, Raleigh, U. S. Bureau of Public Roads, 
Div. Agr. Eng. 1925. Third Progress Report, 
1928 (Mimeog.), 

Lowderinilk, W. C. Factors Influencing the 
Surface Runoff of Rain Waters. Proc, Pan- 
Pacific Science ConorcHs^ Tokyo, 1926. Further 
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8011, *“' Conner and Senates, Phillips,'*” 
and Bennett,**” with numerous sueeeedin«* 
studies, made eom])arative measurements 
of the losses of rainfall by immediate 
runoff and of the losses of soil in this 
runoff that it was possible to compute 
how rapidly top soils wove beinfr washed 

Studies of Factors Affc*ctinjjj Surflcial Runoff 
anti Erosion. Proc. Infrrnat, Cotiif, of Varcatrif 
Expt, Sfations, Stockholm. 11129. 

H. 11. and (’haplinc, W. R. Soil 
Erosion a National Mouaci*. r.S.U.A. (Mrculav 
No. 83. 192S. 

Dickson, R. E, Rcsidls and Sijrnith^anct* of 
the Sj)ur (T<*xas)) Runoff and Erosion Experi- 
ments. Jour. Am. *Soe. Aprou., 21: 4ir)-422. 
1929. 

Conner, A. H., R. E. Dickson and D. Senates. 
Factors Inlluvncinjj Run-off and Soil Erosion. 
JhiU. Xo. in. Texas Aj;r. Ex]). Statitui. Col- 
lej'e Station, Texas. 1980. 

lMiini])s, Saniuoi W. Soil Erosion Work of 
the Bureau of Chemistry and Soils at (Juthrie, 
Oklahoma. 2d Southwest Soil and Wattu* Con- 
servatimi (kmference, 1981, 40-45. Rainser, 
R. E. Results of Experiments on Erosion Con 
trol on Guthrie Soil Erosion Ex]>eriinental Farm, 
/d., 40-58. 

Bennett, H. 11. Dynamic Action of Rjiins 
ill Relation to Erosion in the llumid Region. 
Trans. Am. Geophysical Union ^ 15th Ann. Meet- 
ing, 1984: 474-48H, 


away. The.se mea.su remeiits indicated 
for the first time how soils deteriorate 
and are damajred throujrh soil erosion 
far more rapidly than throujrh croppinpr 
lonji: before the spectacular ^ully stajre 
sets in. Such exj)erimental measure- 
ments disclosed how rapidly soil is im- 
poverish(‘d and destroyed by erosion, 
especially on sloping lands under heavy 
rainsforins, when no measures of erosion 
control are used. Hen*, for the first time, 
was a fa(*tual basis for a study of the 
enormity of damage to land resources by 
soil erosion under unwise land use. 
These records of erosion wastage and 
loss aroused general interest in the [)rob- 
lem of conservation on the ])art of busi- 
ne.ss peo])Ie, bankers, agriculturists and 
statesmen as well as of farmers who suf- 
fered first hand the losses from soil (*ro- 
sion. 

Out of this belter understanding of 
soil erosion and its menace to national 
welfare, there was launched the nalion- 
wicle movement for soil conservation in 
by means of dem(»nstration projects 
located throughout badly eroding areas 
of the country by the Soil Erosion Ser- 



FORE8TED AND DENUDED SLOPES IN CHUN-YUAN DISTRICT, SHANSI 

AT THK BIGHT IS NATIIBAL FORK.ST PROTRC^TED BY THE VILLAGE OF Ts’UNG-TZTT vf. THIS FOREST 
AND THE SLOPE AT THE LEFT’ OF THE PICTURE WERE USED BY THK SENIOR AUTHOR FOR RUNOFF PLOT 

STUDIES OF COMPARATIVE RUNOFF. 
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vice as an emergency organization. The 
practical and far-reaching significance of 
tliis work gave rise to the passage of the 
Soil Conservation Act of 1935, passed 
without a dissenting vote in the House of 
Representatives and the Senate, that set 
up the Soil Conservation Service in the 
Department of Agriculture. This act 
marks the beginning of a new era in the 
relation of the American people to their 
land resources. For the preamble of this 
act states the purpose of the law in these 
words : 

Be it enaetecl by the Semite and TTonse of 
BepresentativeH of the United StatoH of Amerien 
iu CoagresH AHHeuihled, That it is hereby recog- 
nized that the wastage of soil and moisture re- 
sources on farm, grazing, and forest lands of the 
Nation, resulting from soil erosion, is a menace 
to the national welfare and that it is hereby 
declar'd to be the policy of Congress to ])rovide 
permanently for the control and prevention of 
soil erosion and thereby to preserve natural re- 
sources, control Hoods, prevent impairment of 
reservoirs, and maintain the navigability of riv- 
ers and harbors, protect public health, public 
lands and relieve unein])loyment, and the Secre- 
tary of Agriculture, from now on, shall coordi- 
nate and direct all activities with relation to soil 
erosion. . . . 


Modern methods of soil conservation 
in use in the United States by the Soil 
Conservation Service are developed out 
of an evaluation of past experience and 
current research. But in China, past ex- 
perience has taught the Chinese farmer 
through centuries of hit-or-miss trial and 
error a few fundamentals in land use. 
The Chinese have found that lands must 
be nearly level if they are to be saved 
for use from g(*neration to generation. 
Either they must be naturally so as in 
alluvial and delta plains, or they must be 
made so by terracing. The bench ter- 
race, which reduces gradients of natural 
slopes for cultivation, has been success- 
ful where applied and maintained. A 
low gradient necessary in conserving soil 
also conserves rain waters in the soil for 
crop growth. Moreover, cooperation in 
concerted effort under a unified direction 
is also necessary to success in efforts for 
the conservation of soil and water. In 
Chilians long past, when sncli direction 
was lacking, conservation failed and 
lands wasted away. A single farmer is 
often helpless in the face of soil erosion 



INTEBIOR OF VILLAGE FOREST AT T8»UNG-TZU YG, CH’IN YUAN DISTRICT 

8X0W1NG A FATHER THIN STAND OF PINE AND A DENSE NATIVE SHRUB COVER. THE LATTER WAS THE 
IftbST EFFECTIVE AGENT IN PREVENTING EROSION AND IN MAKING CONDITIONS THAT RETAIN WATER. 
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or of a flood, without the cooperatiou of the use of crop litter or stubble mulch 

others ou the slopes above. This the on soil surfaces, acting in the same way 

Chinese had discovered, but had not been as forest litter to increase infiltration of 

able to do much about it. With a back- rain and reduce erosion, the improvement 

ground of geolof^y and hydrolopry and of soil structure to increase its capacity 

soil science, conservation of soil and to take in rain waters, supported by 

water in the United States comes to be appropriate soil amendments, prrasscd 

recognized as a physiojrraphic {)roblem, waterways to lead unabsorbed waters to 

and is best handled on a basis of drain- Jiatural drainaj?e channels, and ^ully 

age areas. control. Thirty-one and a half million 

Out of such findings of the past and acres of land in the United States have 

research of the present has come a na- already been treated under cooperative 

tional movement for conserving land, farm plans worked out by fi(*ld personnel 

with its moisture and included plant of the Soil Conservation Service. More 

foods. The program of this movement than ten times this area of good land is 

prescribes as a general princi]>le <*ontour eroding and is urgently in need of treat- 
farming supported by all necessary mea- ment. The chief liazard to the land, both 

sures to increase the intake of rain waters in (Jhina and America, is the neglect of 

by the soil under cultivation and grazing, known methods and lack of making ad- 

to control unabsorbed storm runoff and justments in the use of land by appro- 

lead it harndessly down to natural drain- priate experimental studies as rapidly as 

age channels, and lo reclaim badly crod- pressure of population impinges upon 

ing and eroded areas with mantles of crop-growing capacity of the land. De- 
vegetation. Supporting measures in- mauds upon land vary with passage of 

elude contour strip cropping, broad base time and economic circumstance. Unless 

terraces, vegetal covers fully maintained, measures for conserving soils under such 



GENERAL VIEW OF DENUDED SLOPE, CHUN- YUAN DISTRICT, SHANSI 

HOMOLOGOUS IN GRADIENT, ASPECT, ELEVATION AND SUBSOIL WITH FOREST PLOT 500 PERT AWAY, 
WHEREVER POSSIBLE THE SLOPE 18 STILL CULTIVATED. ONCE THE ENTIRE SLOPE WAS CULTIVATED. 
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cha litres are varied to meet new hazards 
to the physieal integrity of the resouree, 
imieh of the national heritage of the land 
is irreparabJ}’ damaged or destroyed be- 
fore revised nH»asures of iini)roved land 
use ean be found out by study or tardy 
experienee. Trends in land use must be 
proved and studied with foresight to 
have ways and means already worked 
out to meet eurreiit needs for neeessary 
crops with eonservation of the national 
heritage in the soil. 

Si 'M MARY 

Our survey of twenty -seven eonnties 
and profeetures in the Provin(*e of Shansi 
of C>hina is already summarized with 
some typical excerpts translated from the 
Chinese, lest the paper be too long. As 
a w'hole these accounts are striking rec- 
ords of an early appreciation of needs 
and urgency of conservation, sound prin- 
cijiles of which w^ere enunciated more 
than tWTiity-tw’o (Muituries ago. In some 
isolated parts of CUiina, the senior author 
found forestry practicinl in greater de- 
tail tlian he ever saw^ in (lermany. Such 
areas are obviously nunnants of larg(»r 
managed areas in former times. The 
1(*rracing of slopes in some parts of 
China, particularly in regions of the 
great loessial soil mantle, also represents 
practical ami coinjilete conservation of 
soils. N(‘vertheless repeated efforts at 
conservation of forests and soils in the 
Province of Shansi broke down for one 
reason or another. Among the more im- 
portant causes were interruptions of 
orderly government, and the exploitation 
of areas, chiefly under a foreign dynasty 
of nomadic origin, the Manchus. 

Mountainous regions of Shansi that 
were originally covered with den.se for- 
ests were cut (dear of timber leaving the 


region a place of desolation. Because of 
this, representatives of the Emperor be- 
came concerned and .secured an Imperial 
Edict against this w^astage of forests and 
lands. Restriction of such exploitation 
re.stored a for(»st cover in Wu-t’ai Shan. 
Armand David has suggested that culti- 
vation of high slopes in North (diina 
followed th(» introduction of <*rops from 
the New World, corn and potatoes, 
adapted to higher altitudes than those 
})reviously cultivated. Introduction of 
such crops, of wdiich we noticed evidence 
for this region, would doubtless proim^te 
.such cultivation. Prom about 1656 on, 
the cultivation line was pushed up slopes 
of this .sacred mountain region to bring 
on a period of deva.stating erosion from 
which the iTgion has never ret»overed. 
Devastating (‘rosion in the mountains 
brought about torrential floods (diarged 
w’ith debris of soil and rock that wrought 
gn»at damage to farm lands of the allu- 
vial plains by flooding and overwash of 
detritus. 

The recent reconstruction moveimmt, 
with the benefit of ])rinciples and experi- 
(Uice from both China and America, 
]>romises great things for the land and 
people of China when the invader has 
been driven out and peace makes possible 
undivid(Hl attention to the great task of 
reconstruction. The American people 
have much to contribute and much to 
learn from the objects and achievements 
of recon.struction in China. Por these 
two countries have a unique advantage 
in producing all their owm food .supply ; 
they have a like need for safeguarding 
all re, sources tow^ard maintaining this 
advantage. The dreams of wise men of 
old may in time be realized with s(*ience 
and (iooi)eration in con.servation in the 
Old and New’ Worlds. 



CATTLE RANCHING IN THE TROPICAL 
RAINFOREST’ 

By Dr. RAYMOND E. CRIST 

VISITINO PROrKSSOR OP OEOGRAPHY, UNIVERSITY OP PUFUtTO RICO 


There has probably been more hi^^hly 
imajrinative writing? about the tropieal 
rainforest belt (‘^jun^le’’ in the ver- 
naeiilar) than about any other climatic 
rejrion in the worhl, with the possible 
exception of the polar re*;ions. In the 
mind of the middle-latitude public the 
heavy rainforc^st is densely populated 
with fierce man-eatinjj: animals, venom- 
ous snakes, and noxious insects by the 
countless million, aud many fiens liave 
been kept busy ^nviiijr this public what 
it wants. Most of the best-sellers about 
the tropics deal with either the terrors 
or the romance of that rejrion — or both. 
Of coiirse, it is hot at low elevations in 
the tropics, as is to be ex])ected, but it 
never frets as hot anywhere in the Amer- 
ican tropics as it does in the Middle West 
(‘very summer — in Ohicafro, Kansas City, 
St. Louis or Cincinnati, for example. A 
case of sunstroke in tiu* trofiies is as rare 
as frostbite. 

In the tropical rainforest southwest of 
Lake Maracaibo, Venezuela, there are 
fairly distinct wet and dry seasons. No- 
vember, Decemlx^r, and January and 
May, June, and July are considerinl the 
wet months, that is, when the sun is far- 
thest south, and also durinfr its northern 
sojourn. Duriiiff these months it rains 
almost every afternoon. After the rain 
the sun comes out, and the sensible t(mi- 
perature is even hif^her than before the 
shower. There is often a lijxht shower 
about 4 or 5 oVI(K*k in the morn inf?. 
There is ai)t to be a conveetional shower 
in th(‘ aft(‘rnoon any time of the year, 

1 The field work on which this article is bnsed 
was made possible by fcrants from the John 
8. GiiRgeiihcim Memorial Foundation and the 
Gradunte Rt^search Board of the University of 
Illinois. 


even durin*? the dry season. The rela- 
tive humidity is always hifrh. 

Land in the State of Zulia, Venezuela, 
which includ(‘s most of the aiva tribu- 
tary to Lake Maracaibo, can not be pur- 
chased outrif?ht in the usual manner. 
The state retains control of all subsur- 
fa(*e products. One a(*quires only the 
surface rifrhts, and the rifxhts to what is 
produced on the surface. Surface rifyhts 
arc valid only upon continued us(* of the 
land ; if it is not used for a period of five 
years, it is considered abandoned, and 
anyone who wants to can settle on it, 
jirovided of course that he works it. 
This arraufrement is very similar to that 
of the Kamarakoto Indians of the Vene- 
zuelan Ouayana ref?ion, who hav(^ no 
title to land and can not inherit or tran.s- 
mit it. As Ion*? as a member of the tribe 
works his conuco he is entitled to all its 
produce; when he ceas(*s to do so it re- 
verts to the community. Even an un- 
occupied house beloufrs to anyone who 
wish(*s to occupy it.“ 

It was in the rcfrion of tropieal rain- 
fort'st southwest of Lake Maracaibo that 
Mr. MeUae, an American cnf»:iu(‘er with 
a little (*apitai and all his time to in- 
vest, decided to buy a cattle ranch, lie 
boufrht the surface rifrhts for 800 acres 
of pasture land, buildinj?s, and stock on 
the ranch for 40,000 Bolivares, paying 
10,000 down and 5,0uu a year. He al- 
ready has 40,000 B. worth of stock on it. 
If the worst happened and someone 
showed up with an old but clear title 
to the property, an occurrence only too 
common in Venezuela, the present owner 
would simply sell all his stock, roll up 
2 BimpHon, G. G., ^ ‘ I^os Indios KamnrakotoH, ’ * 
Jievista de Foment o, Ailo IIT, Nos. p. 
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A (CLEARING IN TROPICAL RATNPORE8T 

THE BRUSH IS BURNED A8 SOON AS IT IS DRY ENOUGH AND CORN IS PLANTED IN THE ASHY SOIL 
AMONO THE UNBCHNED IX)G8. AFTER A CROP OR TWO OF CORN, GRASS IS PLANTED AND THE LOOS 
ROT AWAY. THE PIONEER’S HUT, WITH ITS PLANTAIN PATCH NEARBY, IS IN THE BACKGROUND. 


his barbed wire, sell what he could of 
his house materials and still be ahead of 
the ^rame financially. 

When a man wishes to found a ranch 
— and this was the case with Mr. Mc- 
liae — his first task is to find laborers, 
whom he usually recruits from the ranks 
of the shiftiiifT afrriculturalists who have 
already cut little notches in the forest 
alonjr the river or, in this ease, alon^ the 
narrow-^aufie railroad. He pays them 
their food while they are clearinj? the 
land. Only a few priant trees are left 
to serve as shade later, On(*e cut, the 
j?reat mass of vejretation is allowed to 
dry and is then set on fire. The land is 
planted in corn, and jyrass or plantains 
are planted between the hills at the same 
time. When the corn is harvested half 
of it ffoes to the man who has cleared the 
land. The plantains or jrrass are allowed 
to firow to maturity. Another crop or 
two of corn could be and occasionally is 
grown, but by the end of three years the 
potash left by the burning has been 
leached out, and com doesn’t thrive any- 
more. And the price of corn fluctuates 
greatly; this year (1941) it is worth less 


than half what it was worth a year ago. 
Since plantains are used locally much as 
potatoes are in the United States, there 
is always a good sale for them both in 
the nearby and in the Maracaibo market. 
They net Mr. McRae some 500 B. a 
month now' from about 45 acres. 

One of the difficult problems in the 
American tropics generally is that of 
getting sufficient labor. This problem 
has been aggravated in Venezuela by 
the fact that thousands of laborers have 
migrated to the oil fields where wages 
are high. And the labor law' shows little 
leniency for the entrepreneur. The re- 
sult has been to put a premium on con- 
tract labor. A certain individual agrees 
to have a given piece of work done 
wdthiii a specified time. If a worker gets 
hurt on the job it is the worry of the 
contractor, not of the rancher or the 
Mayordomo. The former can drop out 
of sight for a while or start working 
in another State — not so easy for the 
rancher. At present tw'o men care for 
the cattle and hogs. On the average 
about five are engaged in other tasks, 
such as clearing new land, cleaning pas- 



A WELL-DEVELOPKD FIELD OP 0RAH8 

THE LEVKIi LINE IN THE MIDDLE GROUND 18 FORMED BY THE TOPS OF PLANTAINS BEYOND WHICH 
SECOND GROWTH TREES CAN BE SEEN IN THE LEFT BACKGROUND. IN THE RIGHT BACKGROUND 
THERE IS VISIBLE A VIRGIN miOPlCAL RAINFOREST. 


ture, stretching barbed wire, gathering 
plantains. They are given 2J B. a day 
with food, or four if they board them- 
selves. Warm weather adversely affects 
the appetite of some people, but not nec- 
essarily of men doing hard work even in 
the heat of the tropics. One man was 
found who ate four pounds of cheese a 
day, besides two plates of rolled oats for 
breakfast, and three roast plantains at 
each sitting. Fortunately he ate many 
oranges between meals. It was too ex- 
pensive an experiment to see how long 
this could last, and he was discharged 
at the end of the month. 

At the ranch house itself, separated as 
it is from the virgin forest by wide 
stretches of cleared land, mosquitoes are 
rare. The house is not hermetically 
screened as yet but will be soon. But 
mosquitoes are very bad in or near the 
forest where the conucos, or kitchen gar- 
dens, or homes of the workers are lo- 
cated. Malaria is all too common, as 
well as diseases and parasites of the in- 
testinal tract — hook worm, amoebic dys- 
entery, etc. No statistics are available, 
but infant mortality rates are certainly 


high. The usual diet of the workmen 
consists of plantains and white cheese. 
Those who can afford it have a some- 
what more varied diet. The Mayordomo, 
for instance, adds beans, dried fish, meat 
and noodles to his diet. Fortunately, 
good water is obtainable at relatively 
shallow depths (the ranch gets good 
water at a dejith of eight meters) but 
in many cases wells are too shallow, im- 
proper care is taken of sewage, and 
water gets jiolluted. A big step for- 
%vard in this area, as well as in the entire 
country, would be a campaign for a wide 
diffusion of the rudiments of sanitation. 
Even the most primitive conveniences 
are not available. Slops are thrown out 
near the house. Plumbing is of the 
banana patch variety. 

Mr. McRae has some 800 acres of pas- 
tureland, over 500 of which are im- 
proved. He hasn't enough cattle at 
present to warrant getting the other in 
shape. He had just sold 40 fat steers, 
and now has 260 head of horned cattle 
left. One hundred more will be ready 
to sell within a year. There are 40 cows 
that will calve within three months and 
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SLEEK 8TEEBS FATTENING IN THE I.USH PASTURES 

WHERE rOEMEELY GREW A DENSE STAND OP RAINPOREST. 


30 heifers to calve within the next year, old razor back sows are now being fat- 
There are 50 cows giving milk now, and tened for market and only the better 
46 cmlves. Cream is the profitable source looking ones are being kept. They are 
of income. White cheese is made of the fed the whey. The man yells “chun 
skimmed milk. lie now makes about 400 chun chun,” and they come running 
B. a month from the dairy business, but from every direction. They are also fed 
hopes, with more cows, to make about cooked Guinea bananas which fatten 
1,300 B. a month. Hogs are a kind of them rapidly. At i)rcscnt they still for- 
by-product of the dairy business — twelve age too much. Even so they are not lean 



A PASTURE FIELD WHICH HAS BEEN CLEARED OP SMALL TREES 

THEN AIXOWED TO BEST SIX WEEKS. THE HEIGHT OF THE ORASB MAY BE JUDOED BY THE FACT 
THAT OHI.Y THE HEAD OF THE MCLK WHICH MR. MCRAE IS BIDIHO CAN BE SEEN. 
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and niuscular, but rather fat. When 
rendered the fat is more like white oil 
than corn lard, but perhaps it would 
look different in a refrigerator. The big 
risk in the hog business is the danger of 
cholera. Vaccination is necessary every 
three months if one wants to be sure of 
not losing them. At present Mr. McRae 
has about a hundred sows, shoats, and 
pigs. Only the better looking sows are 
being kept for breeding purposes, and 
the herd is being improved by what 
looked like a Duroc boar. 

All the maintenance work in the ranch 
is taken care of by the Mayordomo, a 


about a dollar an acre, and the field is 
left to rest for about six weeks. At the 
end of that time the fresh pasture of 
very fattening Guinea grass is liigher 
than the backs of the steers when they 
are turned in. Quite frequently both 
grass and weeds are cropped close, corn 
is planted and acts as a cleaning crop. 
After it is harvested — in five months — 
the grass, without reseeding, comes up 
thick and lush, and makes excellent pas- 
ture again. A grass called Pa6z is used 
for milch cows. Ticks don’t seem to live 
well in it. In the ordinary Guinea grass 
l)asture there arc many ticks — one gets 



A STKEAM-LINED, AIR ‘‘CONDTTTONED’’ DAIRY BARN IN THE TROPICS 


native Venezuelan, who thus far has 
proved trustworthy. The cost of upkeep 
is shared, as is the income from the farm. 
The only expenses which are borne by 
the rancher alone are those of expansion. 
Some steers had just got over the fence 
into a neighbor’s plantain patch. The 
neighbor wanted 120 B. damage; the 
judge settled it at one fourth that 
amount. This was the first time such 
a case had arisen, and the fine was paid 
by the owner on condition that from 
then on such costs would be shared. It 
is part of the Mayordomo ’s job to see 
after fences. 

About every three or four months a 
pasture gets full of weeds and small 
trees which are cut out at the cost of 


pretty well covered with them walking 
through the grass. But there are so 
many that no attempt is made to kill 
them ; one brushes them off with a leafy 
branch. If a pasture is left vacant for 
six months ticks die, apparently of star- 
vation. An important source of income 
is that derived from pasturing lean 
steers from the Llanos at 4 B. apiece 
per month. They are bought in the 
Llanos for 60 to 80 B., driven across 
the mountains and fattened in these 
pastures for six months, after which 
they are worth at least twice what they 
originally cost. 

One is amazed, as one travels along the 
railroad for the first time and suddenly 
sees the dense tropical rainforest on both 
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MILKING TIME IN THE TROPICS 

THE PRESENCE OP THE CALP, TIED TO HIS MOTHER’S FRONT LEO, AIDS THE COW IN THE PROCESS OP 
<< LETTING DOWN” THE MILK, BO THE MILKER ASSURES US. 


sides of the track give way to tall green cornfcd Ilerefords in Illinois or as the 
and luxuriant pasture, as pretty as a milch cows in the rolling pasturelands 
field of well-developed wnnter wheat in of England or Brittany. 

May. And in these fields browse cattle Thus it is not only possible to cut 
hardly visible because of the high grass. do\vn tropical rainforest and keep it at 
They arc short haired and as sleek as bay by planting grass, but it is possible 



TWO HORSE LOADS OF PLANTAINS BEADY FOR SHIPMENT TO MARACAIBO 

VIA THE NARROW GAUGE RAILROAD TO ENCONTRADOS, THENCE VIA THE ENC0NTRAD08 RIVER AND LAKR 

MARACAIBO TO MARACAIBO. 
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to do this privately, without government 
subvention and, at the same time, very 
profitable. Of all the business ventures 
I have seen in recent years this seems to 
have least eluinees of beiri*? a failure. 
The pfovernment mi^ht eonfiseate all 
larjife holding:s or there mi»:ht be a short- 
age of workers, but such eventualities are 
possible anywhere. 

Of course this kind of business can 
not be hand-to-mouth or self-sufficient. 
There must be an assured market and 
transportation facilities to that market. 
Maracaibo is the market, and the rail- 
road, the Escalante River and Lake 
Maracaibo, is the means of transporta- 
tion. The railroad is a good example 
of what artificial transportation routes 
mean in the devel()i)ment of a country, 
even if that country be tropical rainfor- 
est. Furthermore, it makes it possible 
for the ranchers to live in the healthful 
mountain area, preferably in or around 
Merida, and visit their ranches only when 
necessary. Even before the railroad was 
built ranclu»s were strong along the vari- 
ous rivers flowing into Lake Maracaibo, 
as they still are. In this region the soil 
is exceptional too — rich alluvial and not 
the usual leached residual, which is in- 
deed difficult to grow crops on. On Mr. 
McRea’s ranch the soil is well drained, 
yet moisture retaining, so that even in 
a drought it is not too dry. Yet this 
same rich alluvial soil must follow all 
along the eastern side of the great 
Andean back bone of Central and South 
America, and the tropical rainforest 
areas could be cut away and the regions 
thus complement the den.sely populated 
mountain communities of Peru and 
Ecuador, for example, if only highways 
and railroads were built, or even good 
trails over which cattle could be driven 
to market. The road from Bogota to 
VillaVicencio in Colombia, tapping the 
rich resources of the tropical lowlands, 
has already proved its value.® 


The contrast is indeed very great be- 
tween this intensive cattle ranching 
where the original natural landscape 
has been wholly substituted by a man- 
made one, and the extensive type in the 
Llanos, where the natural landscape is 
exploited as found, without any change 
at all. 

In this area the most important factor 
in making profitable exploitation of the 
tropical rainforest possible is transpor- 



AN EX-MONAKCII OP THE FOREST 

ORIGINALLY LEFT STANDING FOE SHADE. NOW, 
AVITH MOST OF ITS BRANCHES BLOWN OFF, IT IS A 
PREY TO CREEPING VINES, AND PARASITIC AND 
EPIPHYTIC PLANTS 

tation facilities which tie the area to a 
market: the railroad, rivers and Lake 
Maracaibo. Access to an expanding 
market has spelled growth and develop- 
ment for many an area which would 
otherwise have only half heartedly sup- 
ported a miserable population. 

3 R. E. Crist, ‘ ‘ A Cultural Traverse Across 
the Eastern and Central Cordilleras of Colom- 
bia,” Bull, of Pan American Union, 1942: 132- 
144. 




THE EXPANDING USEFULNESS OF A PORTION 
OF THE SPECTRUM 


By JAMES M. KETCH 

ILLUMINATING KNGINEER, GENERAL ELECTRIC ( OMHANY 


In 1672, Sir Isaac Newton announced 
to the scientific world his conclusions 
from some experiments which he had 
been conducting at Cambridge on the 
decomposition of white light by a prism. 
In his experiment he admitted the light 
of the sun into a darkened room through 
a hole in a shutter. Without the prism, 
he saw the image of the sun on the oppo- 
site wall of the room; when the prism 
was placed close to the hole, the sun’s 
image spread out in one direction making 
a new pattern made u[) of the colors of 
the rainbow. Later, by means of a con- 
vex lens he caused the colors to converge 
again into the original white light. In 
this way Newton discovered the solar 
spectrum. 

During the years that followed, New- 
ton’s spectrum — now known as the visi- 
ble spectrum — grew enormously at both 
ends. By research, it lias been extended 
beyond Newton’s spectrum through the 
shorter wave lengths of ultra-violet, 
x-rays and gamma rays, to the shortest 
cosmic rays, and beyond the longer visi- 
ble wave lengths to include infra-red, 
radio, and the longest electric waves of 
electric generators. 

If we were to discuss intelligently the 
complete known spectrum it would be 
necessary to include the w^ork of the 
medical profession, the x-ray specialist, 
the radio engineer, and the electrical 
transmission engineer, as well as that of 
the illuminating engineer. Our discus- 
sion will include only applications of 
energy sources from the visible region 
and those on either side : the ultra-violet 
and the infra-red. 

We are under the stress of war with its 
urgent call for more and more industrial 


production and it is fitting, therefore, 
that we stress the expanding usefulness 
of our spectrum because of the increasing 
benefits to industry in the applications 
of the new light and radiant energy 
sources during the present emergency. 

The Visible Spectrum 

The white light, of the visible spec- 
trum, has served mankind throughout 
the ages. Typical sources, which in addi- 
tion to visible light also produce infra- 
red and ultra-violet, include the sun, 
natural daylight, arc lamps, and incan- 
descent filament sources. The break up 
of the light from those sources into the 
component colors of its spectrum has, 
until the past few years, been of aca- 
demic and secondary interest to the 
majority of illuminating engineers. To 
them, the spectrum was an interesting 
bit of science studied in the college phys- 
ics laboratory and written up in experi- 
ments which started with ‘‘Purpose of 
the Experiment” and ending with “Con- 
clusions.” 

They were interested, naturally, in 
the individual colors for decorative pur- 
poses, but applications were limited be- 
cause of the inefficient methods of obtain- 
ing such colors. To obtain some colors 
— blue or green, for example — from in- 
candescent lamps it was necessary to 
absorb, and waste, 80-96 per cent, of the 
generated white light, and even to obtain 
a near-daylight quality, one third of the 
light was absorbed by a blue filter glass 
bulb. 

Of more importance to the lighting 
engineer than color, a decade ago, was 
the control of white light by means of 
reflecting, refracting and diffusing media 
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into candlepower distribution patterns 
that were most useful. 

Begrinulng with World War I and in- 
eroasing rapidly during the years that 
followed, the broader interest of the 
lighting profession was in footcandles 
and glare. These two came to be called 
popularly positive and ‘^negative’’ 
light because the higher the footeandle 
value — positive light — on objects to be 
seen the greater was their visibility, but 
with more and more glare — negative 
light — less and less could be seen. 

Researches under way following the 
war were based on a new concept that 
the human being is a complex seeing 
machine. As these researches on seeing 
became better understood there evolved 
a basis for the application of footcandles 
and reduction of glare called the Science 
of Seeing. This new science indicates 


that, for o})timum seeing, the human 
being requires hundreds of footcandles 
rather than the ten, or less, then in com- 
mon use for industrial purposes. It has 
been but recently, however, that the light 
sources, equipments, and application 
methods have been developed for obtain- 
ing those higher lighting levels comfort- 
ably. 

Fortunately, the present emergency 
finds us with efficient and versatile new 
light sources, controlling equipments, 
and methods of applying them, that 
make the higher levels of 50, 100 and 
even 500 footcandles both practicable 
and economical. There has been a con- 
vergence also of several wide-spread 
researches under the sponsorship of 
the Industrial Lighting Committee of 
the Illuminating Engineering Society. 
These researches have contributed much 



TYPICAL MODERN INDUSTRIAL DRAFTING ROOM 

WITH CONTINUOUS BOWS OT rLUOBBHCENT TROFFEBS THREE FEET APART. THE MAINTAINED ILLUMI- 
NATION IS ON THE ORDER OF SEVENTY-FIVE FOOTCANDLES. 
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TYPICAL BANK OP TNPRA-RED DRYING LAMPS 

MOUNTED ON A CONVEYOR LINE WHICH CARRIES PAINTED PARTS THROUGH THIS TUNNEL. DRYING IS 
ACCOMPUSHKD DURING THE SHORT TRAVEL. INPRA-RED HEATING DEVICES TAKE MANY OTHER FORMS 

TO SUIT THE INDUSTRIAL PROCESS. 


on methods of applying light to many 
of the difficult and diverse visual tasks 
of industry. 

Daylight quality and colors in some 
of the newer light sources are produced 
directly, and at high efficiencies, rather 
than by the absorption methods of five 
years ago. Because of the lower bright- 
ness of the fluorescent lamps, less shield- 
ing of the sources from direct view is 
necessary than that required for the 
higher brightness incandes^eiii sources. 

The fluorescent lamp 
shape and requires entirely of 

reflecting equipments and methods of 
application. The efficiencies of some of 
the mercury and fluorescent light sources 
compared with those of standard incan- 


descent lamps are shown in the following 
table. 


Lamp 

per watt 

xvatcu av< 

life hrs. 

Tucandescont, 1000 watt 

21 

1000 

Mercury vapor, ll-l, 400 
watt 

40 

3000 

Mercury vapor, H-5, 250 
watt 

40 

2000 

Mercury vapor, H-9, 3000 
watt . 

40 

2000 

Fluorescent (3500^) 40 watt 

52 

2500 

Fluorescent (3500^) 100 

watt . . . 

42 

3000 

Fluorescent (daylight) 40 
watt 

42 

2500 

Fluorescunt (daylight) 100 
watt 

37 

3000 

Rectified fluorescent, 85 
watt 

47 

3000 
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The spectra of two of these lamps — 
the 400 and 250 watt mercury vapor — 
are discontinuous, or banded, and there- 
fore have the general color character- 
istics of the older Cooper-Hewitt lamps : 
not suited where color discrimination is 
important, but aj)plicablc for general 
industrial lighting purposes. 

As we review some of the applications 
of these lampKs to a wartime industry two 
factors stand out as important: (1) The 
high footcandle levels (30 to 500) re- 
quired for optimum seeing are practi- 
cable and generally accepted; (2) there 
is a definite trend toward lines of light 
of relatively low brightness which can 
be conveniently applied to lines of 
machines, benches, and conveyor lines. 

Lines of light, areas of light and higher 
illumination values have found their 


way likewise into drafting rooms, offices, 
and stores. In offices they are conve- 
niently (‘ombined with acoustical ceiling 
materials. 

As w^as stated earlier, in order to ob- 
tain colors from the incandescent lamp 
it is necessary to absorb all unw^anted 
rays of the visible spectrum, and conse- 
quently the production of most colors 
from incandescent lamps is extremely 
inefficient. The production of colored 
light by fiuorescent lamps, is, however, 
very efflcicmt — green being nearly tw^o 
hundred times as efficiently produced as 
by incandescent sources. The produc- 
tion of daylight spectral quality reduces 
to the simple problem of mixing the 
phosphors of several colors in proper bal- 
ance as contrasted with the subtractive 
filter method employed in daylight incan- 



CONTINUOU8 ROW8 OP FLUORE8CENT LAMP8 

USUALLY EMPLOYING TWO 40- OR TWO 100-WATT LAMPS IN EACH ROW. THIS TYPE OF LAMP HAS 
BECOME FAIRLY STANDARD IN THE MODERN FACTORY. 
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descent lamps. These possibilities of 
producing color at high eflSciencies give 
the lighting engineer new dimensions of 
color and colored light applications. 

A recent investigation by a lighting 
engineer and an industrialist on “Im- 
proved Vision in Machine Tool Opera- 
tions by Color Contrast’^ shows some 
very interesting possibilities for in- 
creased war time production, and indi- 
cate a renewed interest by lighting 
engineers and users in the logical co- 
ordination of light and paint to achitwe 
pleasant surroundings and increased ease 
and comfort in seeing. 

Another light source not listed above 
is the 1000 watt, H-6 mercury lamp 
which is about the size of a cigarette. 
It has a rated life of seventy-five hours 
and has an efficiency of sixty-five lumens 
per watt. Its application is now devoted 
chiefly to the photochemical processes — 


engraving, television, also searchlights. 
It is a source rich in ultra-violet radia- 
tion and is finding applications for other 
chemical and photo-chemical conversion 
processes that require large quantities of 
ultra-violet radiation. This lamp re- 
(|uires cooling either with forced air or 
by means of a water jacket around it and 
some means of circulating about 3 quarts 
of water per minute to keep operating 
temperatures of the quartz tube within 
safe limits. 

All fluorescent and mercury arc 
sources require ballasts to control their 
ares. The wattage consumed in such bal- 
lasts must, of course, be added to the 
lamp wattages when figuring ultimate 
over-all efficiencies. 

Infra-red Region 

Beyond the red end of the visible spec- 
trum is the longer wavelength infra-red 
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VIEW OP EIOHTING IN A EAROE AIRPLANE ASSEMBLY PLANT 
EACH INDIVIDUAL RKFLICCTOR CONTAINS TWO 85-WAT’T TYPE RF FLUORESCENT LAMPS. 


region which nmnifests itself as radiant 
heat. Since incandescent lamps nor- 
mally radiate eight to twelve per cent, 
of input energy as visible light Jind from 
sixty to eighty per cent, as infra-red 
radiation, it is natural that they should 
find applications for radiant heating 
purposes. 

For some applications requiring in- 
visible infra-red only, lacquer and glass 
filters are available which are opaque to 
visible radiation but which transmit most 
of the infra-red. New photoflash lamps 
operating on this principle have but re- 
cently been made available. These lamps 
which produce very little visible radia- 
tion, used in conjunction with standard 
infra-red films, can serve news photogra- 
phers under forced blackout conditions if 
necessary. 

Each war brings with it accounts of 
secret and invisible rays capable of doing 


incredible damage to enemy fleets and 
airplanes. We quote from R. A. Hous- 
ton’s interesting text “Light and Color.” 

Th« posHibililiPH of invisible rays have always 
appealed to the imagination of inventors and 
cranks, and, as any one connected with the gov- 
ernment departments dealing with inventions 
knows, there were many mad schemes proposed 
for using them during the war. The infra-red 
rays or heat rays have been on the whole the 
more popular. They have a quite respectable 
antiquity. Archimedes, the most celebrated 
mathematician of aneitmt times, is said to have 
set the Roman fleet on fire, and destroyed it at 
the siege of Syracuse in Cl'J b.c. by concentrat- 
ing the heat rays of the sun upon it with concave 
mirrors. The fiect was then one bow shot distant 
from the walls. (But the story is either a pure 
invention or arose from a misunderstanding.) 

Napier of Merehiston (1550-1(117), who dis- 
covered logarithms, also proposed to destroy an 
enemy ^s ships by heat rays, as part of a general 
scheme “for defense of this Iland^^ and the 
rendering of Britain safe from all her enemies. 

And H. G. Wells in the ‘‘War of the Worlds 
has let his imagination play upon heat rays in 
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INSTALLATION OP PLU0BR80KNT LIGHTING BY CEILING TBOPPEK8 

SUPPLEMENTED BY SEVERAL GERMICIDAL UNITS MOUNTED ABOVE THE BLACKBOARD TO IRRADIATE THE 
AIR AS IT CIRCULATES IN THE UPPER PART OF THE ROOM. 


an unfettered manner, and easily outdistances 
both Napier and Archimedes. The heat ray 
was the Martian’s chief weapon of war. It 
was a noiseless and blinding flash of light 
which carried miles. Pine trees burst into 
flames, as the shaft of heat jmssed over them, 
and every dry furze bush btTaine with one dull 
thud a mass of flames. It blotted out all living 
things, and in its track the dark ground smoked 
and crackled. 

Important to our wartime industry has 
been the development oi* a line of heat- 
generatinpr incandescent lamps called 
drying lamps. These lamps operate at 
a low luminous efficiency which makes 
them of little value as light sources but 
their use is being rapidly expanded for 
many industrial processes requiring heat 
for the curing or polymerization of 
paints or lacquers, for the evaporation 
of moisture, and for mass heating of 
materials. 


The speeding up of production implies 
a reduction of the time for manufacture 
and processing of materials and a con- 
servation of productive space. For many 
industrial heating problems both time 
and space can be conserved by drying- 
lamp applications. The advantages of 
this type of heating are apparent because 
by this method (1) greater concentra- 
tions of energy possible on the work 
speed up the drying time (savings as 
high as 90 per cent, of the time are pos- 
sible), (2) smaller and less expensive 
ovens are practicable, (3) ovens can 
often be placed above the floor thus re- 
leasing productive space for machine 
tools, (4) graded temperatures can be 
obtained on a constant speed conveyor 
by the spacing or wattage of the lamps 
used, (5) there is no heat-up or cool-off 
time necessary, and (6) the interiors of 
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factory spaces can be made more com- 
fortable for the workmen since it is not 
necessary to heat the factory interior as 
is usually the case when heated air 
methods are used. 

Ultra-violet Region 

Yesterday, a scientific fact; today, a 
production tool. The mercury arc, used 
as a basis for many of the new light and 
radiant energy sources, has a number of 
characteristic lines and bands both in the 
ultra-violet and visible sections of the 
spectrum. By a control of the pressure 
within the tube housing the arc the 
amount of energy in those lines or mer- 
cury bauds is under some control. For 
example, the pressure in fluorescent 
lamps is very low which makes it pos- 
sible to convert a half of the electrical 
energy into ultra-violet energy at one 
of the principal mercury lines, 2537A. 


By using the proper phosphors — ^fluo- 
rescent and phosphorescent materials — 
much of the energy of this invisible 
2537 A radiation is converted by fluores- 
cence to the visible region. Not only 
are colors obtained directly by using the 
proper phosphors but, by mixing the 
right phosphors, white light is obtained 
at much higher efficiencies than those of 
incandescent lamps. This method of 
producing light makes low-temperature, 
low-brightness sources practicable. 

For the purposes of this discussion 
we are interested in three principal 
parts of the ultra-violet region. One 
centers around 2650 A and has a germi- 
cidal, germ-killing, action. The second 
centers at 2967A, which is the peak 
point of the erythemal effectiveness. 
The third centers around 3650A at which 
point we find photographic and fluores- 
cent effects. 



AN APPLICATION OF BLACK LIGHT— NEAR ULTRA-VIOLET 

TO IRIUDIAT® THE CEILING DESIGN PAINTED IN LUMINESCENT PAINT. 
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The first practical venture into the 
ultra-violet region was made several 
years ago with the development of the 
S-1 and S-2 sunlamps. These lamps 
duplicate sunlight in a practical way. 
The source of radiation is a combination 
incandescent filament and short mer- 
cury arc. By means of a special glass 
bulb the short waves, which are shorter 
than those reaching us from the sun, 
are absorbed. These lamps found use 
by the medical profession as sources 
producing Vitamin D, substituting for 
codliver oil, and in the treatment of 
rickets. Their use in homes in the win- 
ter months gives the beneficial effects 
equivalent to a summer sunshine. 

More recently another section of the 
ultra-violet region has claimed our at- 
tention. The bactericidal effect of ultra- 
violet radiation has long been known. 
The recent development of efficient 
sources of this germicidal radiation 
makes possible its practical use in many 
hygienic and industrial problems in- 
volving organisms ranging from mold 
spore to pathogenic germs and viruses. 

The lethal action of ultra-violet is 
characteristic only of those wavelengths 
which penetrate, and are absorbed by, 
the bacterial organisms. For practical 
purposes this spectral range is from 
3000A to 2000A, with a maximum at 
about 2650 A. 

It is a remarkable coincidence that 
one of the principal mercury lines, the 
2537 A resonance radiation line of the 
mercury arc, is very close to the 2650A 
line of maximum bactericidal effective- 
ness. This is the same line used in the 
fluorescent lamps to produce a visible 
fluorescent effect from the phosphors 
inside the glass tubes. By enveloping 
the mercury arc in a special glass tube 
which has some of the characteristics of 
fused quartz, it is possible to transmit 
appreciable amounts of baeteria-killing 
radiation. 


By far the most important applica- 
tion of these sources of ultra-violet light 
has been in the germicidal treatment of 
air to kill air-borne bacteria. Many of 
our diseases are transmitted by air-borne 
bacteria which are relatively inaccessible 
and can not be killed by ordinary germi- 
cidal agents without creating objection- 
able effects in the air itself. Heat may 
serve as a germicidal, but there remains 
the problem of its removal. Air wash- 
ing and filters are effective, but arc more 
limited to forced air systems. 

A simple solution is to employ germi- 
cidal lamps in interiors with the lamps 
shielded from view. The natural con- 
vection and circulation of the air car- 
ries the bacteria past the sources where 
they are killed. One 30 watt germicidal 
lamp irradiating the upper half of a 4000 
cubic foot room produces the equivalent 
sanitary ventilation of 100 changes of 
air per hour. Such actual changes of 
air per hour by means of outdoor open- 
ings and windows would be impracti- 
cable during most seasons, and perhaps 
bothersome at all times. 

These new germicidal lamps have ap- 
plications in hospital operating rooms 
and where barriers are created at door- 
ways between cubicles. They have many 
possibilities of use in schools, stores, 
theatres, recreation rooms and military 
barracks where numbers of people con- 
gregate. 

Other applications have been made in 
the air ducts of ventilating systems, and 
for direct application in the sanitary 
storage of drinking classes, dentists’ in- 
struments, etc. They have been applied 
to the sterilization of milk bottle caps, 
sanitary packaging and processing, and 
in the sterilization of hotel bathrooms. 

The third section of the ultra-violet 
region of interest to us is that nearest 
the visible spectrum. It is the one popu- 
larly known as ‘‘black light,’’ It hap- 
pens that one of the principal mercury 
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arc spectrum lines is at 3654A. The ex- 
citation range of many materials that 
fluoresce is a fairly broad one that peaks 
at about this same wavelength. Since all 
of the mercury arc sources also produce 
visible light, it is necessary for some ap- 
plications to use filters over them which 
eflSciently transmit the ultra-violet and 
absorb most of the visible. There are 
also phosphors, which, when used in the 
fluorescent lamps, produce this same gen- 
eral effect by converting the energy of 
the 2537A-line to a longer ultra-violet, 
plus some visible light. 

Of course the dramatic and decora- 
tive effects of blactk light sources used 
in connection with fluorescing and phos- 
phorescing materials are well known. 
Of most importance to us now they find 
their use industrially for the inspection 


of many organic and inorganic sub- 
stances. It is very possible also that 
those materials which phosphoresce will 
find usefulness during blackout condi- 
tions to mark machines, gun turret in- 
structions, tunnel and shelter entrances, 
pathways, roads, exits, etc. 

May we conclude, then, with the 
thought that Newton's visible spectrum 
has increased in its importance not only 
in the new^ attitude regarding seeing, 
production, safety and defense, but our 
interest has expanded and found added 
us(‘fulness in the invisible infra-red, and 
in three sections of the ultra-violet. We 
can, today, pick the points on the ultra- 
violet, Ausible. and infra-red regions that 
we want to use, and find practical, work- 
able. light or radiant energy sources to 
produce those wavelengths. 


VALUES NOT EASILY REGAINED 


Tn this Review, three years iijfo, under the 
heading ** Night over Europe,*^ an attempt was 
made to describe the disaster which the war was 
bringing to universities and laboratories both in 
England and on the ('ontinent. The processes 
of disintegration had already begun. Institu* 
tions dedicated to the extension of knowledge 
were being geared into the war machine. The 
necessities of military mobilization had deci- 
mated faculties and student bodies alike. Cul- 
tural values upon which civilization is based 
were being thrown to the winds as the intellec- 
tual blackout spread across lialf the world. 

Today the long shadows of the blackout are 
lengthening inexorably over the United States. 
We arc fighting for a future in which free insti- 
tutions can live, but to achieve that c*nd we are 
sacrificing values which, once they are lost, are 
not easily regained. The crisis presents us with 
a problem of delicate balance: how to win the 
war and at the same time preserve those intellec- 
tual ideals and standards, those great things 
of the human spirit,** without which a military 


victory would in the end be nothing but ashes. 
History shows us that it is possible to lose a 
civilization even while armies and navies are tri- 
umphant. 

As in Europe, so hero at home, liberal educa- 
tion has bt*en discarded for the duration. Our 
universities are now instrumentalities of total 
war. Technology is left as the one subject which 
must be taught. History, economics, literature, 
philosophy — the whole range of the social sci- 
ences and the humanistic studies — ^have been 
crowded out of the picture by the pressure of 
higher priorities. Our young men are not to be 
trained in liberal understanding; they must be 
made into soldiers. Of necessity, their education 
must be an education in violence. Their par- 
ticipation in the cultural and social heritage of 
civilization is adjourned. For the time being, 
at least, tlicir generation may not share in the 
humane tradition on which alone the building 
of a worth-while future depends . — Raymond JB. 
Foadick in the Rockefeller Foundation Report 
for 
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Since man first began harvesting the 
wealth of the sea, he has found the 
herring to be among the most valuable 
resources placed at his disposal. Because 
their range includes nearly all the tem- 
perate waters of the northern hemi- 
sphere, they have been readily available 
to large masses of people. They are 
found in dense shoals, consequently are 
easily captured, which makes them a 
cheap source of tasty and nourishing 
food. Then, too, they have been found 
to be ideal for processing into meal and 
oil, the former to be u.sed as a food for 
livestock, the latter for the host of pur- 
poses to which animal fat has been found 
adaptable. This processing has greatly 
enhanced their value in commerce of 
recent years. In addition to these direct 
uses, the herring are of tremendous 
hidden importance in that they provide 
food for a multitude of larger forms of 
fish and mammals which, in turn, are of 
economic value. Truly the herring hold 
a key position in the chain of nature by 
which the boundless quantities of micro- 
scopic life in the oceans are changed to a 
form usable by man. 

Although the Pacific herring {Clupea 
palassii) is of less importance in the 
world economy than is the closely related 
Atlantic form (C. harengus), it supports 
an industry in Alaska alone which em- 
ploys hundreds of men and contributes 
millions of dollars in new wealth to the 
nation each year. In this, as in other 
of our valuable natural resources, a con- 
flict exists between the interests of ex- 
ploitation on the one hand and those of 
conservation on the other. It is the con- 


tention of the former group that the 
supply of herring is virtually inexhausti- 
ble, and that the fluctuations in yield 
which are so evident in the fishery are 
due solely to the chance occurrence of 
conditions which determine whether or 
not the herring stocks will be available to 
the fish(»rmen. This contention should be 
critically examined. 

That great fluctuations occur in the 
herring fishery becomes evident from an 
examination of Pig. 1, which shows the 
production of the three areas which have 
been most extensively exploited during 
the past quarter century. Since no mea- 
sure of tlie amount of fishing effort ex- 
pended in making these catches is in- 
cluded, this chart can not be construed 
as indicating true abundance of the 
stocks. The Southeastern district, which 
was the first of these areas to be de- 
veloped. has been devoted primarily to 
a reduction industry in which the fish 
are processed to recover the oil and meal. 
Until the decline in abundance, which 
occurred there in recent years, it was by 
far the greatest producing area in the 
Territory. The Prince William Sound 
and Kodiak districts were more recently 
developed, first as a source of the mild- 
cured product, more recently as reduc- 
tion fisheries. 

In each of these districts the fluctu- 
ations in catch which followed their 
initial period of expansion have been due 
in some measure to changing economic 
conditions which have governed the de- 
mand for the products and so governed 
the amount of fishing effort expended. 
Aside from this, however, the supply of 
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herring has been so erratic as to have 
resulted in much economic loss. The 
question arises as to the causes of these 
great fluctuations in the supply avail- 
able. Were they only a reflection of 
changes in availability of the schools to 
the fishermen, or were they due to real 
fluctuations in the abundance of the 
stocks on which the fishery has depended 1 

Such fluctuations in the abundance of 
herring, with corresponding fluctuations 
in the catches made by the fishermen, 
may be attributed to one or more of the 
following factors: 

Changes in the availability to the fishermen 
from year to year of the schools of herring at 
the usual fishing grounds. These changes may 
bo quite independent of the true abundance yet 
result in great variations in the catch made by 
the fishing fieot. 

A significant reduction in the abundance level 
of the species as a direct result of the removal 
from the stocks of the tremendous numbers of 
fish required to support an intensive fishery. 

Natural fiuctuations in abundance, the result 
of varying degrees of success attending spawn- 


ing so that in some years a large number of re* 
cruits enter the adult stocks, in other years but 
few. This might occur largely independently 
of the changes in availability or of the with- 
drawals imposed by the fishery. 

Changes in the migration routes of the herring 
with the abandonment of the usual feeding 
grounds in favor of other grounds unknown to 
the fishermen. Such changes would result in 
fluctuations quite independent of those caused 
by any of the above considerations. 

It must be realized, before a true 
understanding of this problem is possi- 
ble, that each of these fishing districts is 
supported by a body of fish resident 
therein and independent of each of the 
other areas. A rise or decline in abun- 
dance in any of these districts will not 
necessarily be reflected in similar fluctu- 
ations in the others, since each is de- 
pendent on separate bodies of fish. 
Furthermore, within each of these major 
districts there are known to be individual 
bodies of fish which do not mingle with 
adjacent groups, but which remain as 



FIG. 1. PBODUCTION OP HERRING 

IN THE THBEE MAJOB PKODUCINO AREAS OF ALASKA DUEINQ THE PAST QUARTER CENTURY. THE 
INSERT SHOWS THE LOCALITIES OP THESE PRINCIPAL PISHERIES. 
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distinct stocks with feeding and spawn- 
ing grounds separate from the others and 
with different migration patterns. The 
verity of these assertions has been estab- 
lished by the statistical analysis of bio- 
metrical data (racial analysis) and by 
extensive tagging programs. The inde- 
pendence of the herring populations be- 
tween areas, and even within areas, is of 
particular significance in that it alters 
entirely the problem of conservation. If 
the herring along the coast were of one 
stock, then extensive withdrawals in any 
of the localities now being exploited 
would be replaced from that common 
stock. Since, however, each of these lo- 
calities is supported by a separate body 
of fish, over-exploitation in any one area 
will lead to a decline of that population 
without chance of replenishment from 
stocks in other areas. This may lead to a 
failure of the fishery in that locality 
without affecting the status of adjoining 
populations. Any discussion of abun- 
dance must hold this as a fundamental 
premise. 

To return to the discussion of the 
causes for changes in abundance, the 
first of the factors mentioned above which 
govern the catches of the fishermen — 
that of changing availability — may be 
expected to play an important part in de- 
termining the quantity of fish taken from 
year to year. It must be recognized that 
the catch for any one year might easily 
be influenced in part by weather con- 
ditions governing the activities of the 
fleet, or by other causes affecting the be- 
havior pattern of the herring. There- 
fore, a rise or decline of the catch in a 
single year over that of the preceding 
season is not sufiBcient evidence on which 
to base any conclusion on abundance. 
This factor of availability, however, as 
reflected in the average catch from season 
to season, tends to be compensatory, 
since for each season in which adverse 
conditions have resulted in poor catches, 
there has been a season in which favora- 


ble conditions have led to good 3rields. 
Obviously no continuing decline in the 
catch would result from this factor alone. 
A trend showing reduced catches con- 
tinuing over several years, such as has 
occurred in the important fishing 
grounds of southeastern Alaska, and 
which has become evident in the Prince 
William Sound and even in the Kodiak 
catches of recent years, can not be as- 
cribed to variations in availability alone. 

On the other hand, as the technique of 
fishing has improved through the years 
the fish have, in effect, become more avail- 
able to the fishermen in proportion as im- 
provements have contributed to making 
the gear more effective. Increased 
knowledge gained through fishing the 
same grounds year after year, together 
with improved methods and equipment 
have served to increase the effectiveness 
of the fishing gear. Outstanding im- 
provements have been an increase in 
size, seaworthiness and speed of vessels, 
the use of power in handling fishing gear, 
and the introduction of radiophone 
equipment. Many another innovation in 
fishing technique has resulted in in- 
creasing the effectiveness of the vessel as 
a fishing unit. Unlike the hydrographic 
factors mentioned which govern the 
availability of the species to the fisher- 
men, which are compensatory, these im- 
provements have been cumulative in their 
effect. If the abundance of herring had 
remained constant through the years, 
one would expect continuing increased 
catches as a result of these improvements. 
This has not been the case. Thus it be- 
comes even more apparent that this 
changing availability can not be held 
responsible for any long-term fluctuation 
in abundance, and the declines of recent 
years can not be attributed to this fac- 
tor. The fundamental cause of these 
fluctuations must be sought elsewhere. 

The second factor to be considered — 
that the withdrawals made by man may 
result in a reduced abundance level— can 
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not be lightly disregarded. The balance 
of nature is such that, even without this 
added withdrawal, the species succeeds 
only in maintaining itself and does not 
increase beyond bounds. Natural preda- 
tors, of which there are many, take a 
huge toll from the stocks each year. 
When the demands of man with his 
highly efficient gear for the capture of 
herring are added to those of the natural 
enemies, the result must inevitably be a 
reduction in the total numbers of indi- 
viduals of which the stocks are com- 
prised. 

The question arises as to whether or 
not these inroads of man have been a 
significant factor in bringing about the 
declines which have been observed. 
There is considerable evidence to indi- 
cate that they have been, and little or 
none to disprove it. As each new district 
has been invaded by man, the abundance 
levels have been found to be high, and in 
each case have shown positive declines 
following periods of intensive fishing. 
The declines, too, have followed a definite 
pattern. Those areas first and most in- 
tensively exploited have been the first to 
decline ; those more recently opened have 
followed in the same proportion as the 
intensity of the fishery. It is unmis- 
takably apparent that the withdrawals of 
the most efficient of all the predators — 
man — ^has had a significant effect on the 
abundance of the species. Until proof 
to the contrary becomes evident, man 
must assume his share of the responsi- 
bility for the decimated stocks in areas 
of continued intensive fishing. 

The third factor mentioned — that of 
the natural fluctuations which might be 
expected to occur quite independently of 
the fluctuations made by man — ^have been 
shown to exist to a marked degree in the 
herring as well as in many other species 
of fishes. These fluctuations result from 
the varying degrees of success which at- 
tend the spawning from year to year, so 
that the young surviving to the age at 


which they enter the commercial catch 
may be exceedingly numerous in some 
years and in other years exceedingly 
scarce. When the former situation oc- 
curs, there follows a marked rise in the 
abundance level of the stocks involved. 
This increased abundance level continues 
until this group has been reduced either 
from natural or from imposed mortality. 
Conversely, the failure of any spawning 
to contribute a normal share to the re- 
placement of stocks reduced by the mor- 
tality during the preceding year, leads 
to a decline in abundance — a decline 
which may continue until a new success- 
ful spawning again replenishes the stocks 
by the contribution of an abundance of 
new recruits. 

Continuing records of the age of fish 
present in each yearns catch show that 
this condition applies very clearly to the 
Alaska herring. Since the age of the 
individuals can be determined in this 
species by examination of the scales, it 
is possible to establish the percentage of 
the total represented by each age in the 
adult stocks, and so appraise the contri- 
bution made by the offspring of each 
spawning to the total population. In oc- 
casional years the recruits entering the 
catch appear in great abundance — indi- 
cating that an unusually large number of 
the offspring of that spawning had sur- 
vived — and this age group continues to 
constitute a large percentage of the total 
for several succeeding seasons. The con- 
tribution of such a dominant group may 
be as high as 90 per cent of a season’s 
total catch. It has been demonstrated 
that in the past fifteen years there have 
been two such exceptionally successful 
spawnings (1926 and 1931) and three 
which were fair producers (1929, 1935 
and 1936). The remaining spawnings, 
especially those of 1928, 1932, 1933, 1934, 
1937 and 1938 were mediocre or poor, 
contributing but little to the stocks. 
Fig. 2 portrays the age composition of 
the important Cape Ommaney stock of 
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the southeastern district for eleven years 
following 1929. 

The distribution of ages shown is 
typical not only of this stock in south- 
eastern waters but also in those of Prince 
William Sound and Kodiak. Whatever 
the factors responsible for the survival 
of the spawn, they are of such widespread 
character that they affect the stocks in 
all districts much alike. It was the off- 
spring of two phenomenally successful 
spawnings (1926 and 1931) which have 
largely supported the Alaska herring 
jfisheries since 1929. The fortuitous 
entrance in 1934 of the offspring of the 
1931 spawning, occurring simultaneously 
with the disappearance of the 1926 year 
class, bolstered the abundance levels 
which would otherwise have fallen 
sharply. With the subsequent decline in 
abundance of the 1931 year class from 
natural and man-made mortality to a 
point at which it was no longer able to 
contribute a large share to the catch, 
there followed the decline in abundance 
of the soutljeastern fishery which became 
so evident after 1937. The increments 
provided by the 1935 and 1936 year 
classes were not sufficient to check this 
decline for long, although their contribu- 
tions served to postpone it. This same 
condition has been reflected in the catches 
in Prince William Sound since 1938, and 
has been felt more recently in the Kodiak 
area. 

While the 1935 and the 1936 spawn- 
ings have aided in sustaining the yields 
of these fisheries with their contributions 
to the stocks, they alone have not been of 
adequate numerical strength to fully re- 
imburse the stocks for the withdrawals 
which have been made, and a continuing 
decline in yield may be expected until a 
new abundant age class enters the catch. 
When this will occur no one can predict, 
and until such occurrence man must 
temper his demands on what remains of 
the stocks in order to insure the survival 
of a sufficient number of individuals to 



FIG. 2. DOMINANT AGE QBOUPS 

ARB SHOWN IN THIS GRAPH OP THE PERCENTAGE 
AGE COMPOSITION OF THE HERRING TAKEN AT CAPE 
OMMANET IN SOUTHEASTERN ALASKA. 




ABUNDANCE OF THE ALASKA HERRING 


543 


produce a future successful spawning 
when biotic conditions are favorable to 
such an event. With the influx of such 
a group renewed activity can be anti- 
cipated in all the fishing areas. 

The fourth factor — ^basic changes in 
migration patterns of the stocks of her- 
ring — ^if existent would render invalid 
any evidence of decline based on the re- 
duced catches made by the fishermen on 
the customary grounds. The reasoning 
most often used to explain poor catches 
by those reluctant to accept the possi- 
bility that declines in the actual numbers 
of individuals comprising the stocks 
have occurred, is that the herring failed 
to ‘ ‘ set in ’ ’ for one or more years. There 
is no evidence to support this theory, and 
much to refute it. As each new area was 
exploited, the abundance was found to 
be high ; continuing intensive operations 
have always led to declines. In those 
instances within our knowledge where 
reduced population levels have been re- 
established at high levels, these increases 
have followed the entrance into the ranks 
of the adults of recruits from an ex- 
ceptionally successful spawning. Each 
time declines have again followed as these 
individuals in turn have succumbed to 
their many enemies. Of recent years it 
has been demonstrated that nine out of 
fifteen spawnings have failed to provide 
adequate replacements to the adult 
stocks. Declining abundance levels must 
inevitably follow such an unfavorable 
replacement record. Thus, with each 
major fluctuation explainable in terms 
of abundance, there seems little reason 
to believe that abrupt changes in migra- 
tion of the stocks can be held responsible 
for the declines and failures in the 
fishery. 

It has become ever more apparent as 


the knowledge of this species has in- 
creased that the Alaska herring are not 
as productive as are other closely related 
forms. A close relative, the Atlantic 
herring, has an effective fecundity far 
above that of this species. The catches 
of Atlantic herring have been tre- 
mendous, yet in most cases there has 
been no indication of depletion. In this 
regard Aage J. C. Jensen states in a 
discussion on the laws of decrease in 
fish stocks,^ “Fisheries are everywhere of 
so high an intensity that few food-fish 
reach an age at which the natural cause 
of death would be old age. One excep- 
tion, however, might exist in a part of 
the Norwegian spring-herring stock, 
which is so slowly reduced that even 20- 
year-old specimens are not at all rare in 
catches. “ This is a situation quite dif- 
ferent from that of our Alaska fishery, 
wliere few individuals attain an age of 
over eight years, at least in those stocks 
which are heavily exploited. 

The demands of the fishery must, of 
necessity, be reduced to fit the produc- 
tive capacity of the species. The size 
of the harvest which may be reaped with- 
out endangering the future spawnings 
by reducing the stocks too drastically, 
will be dependent on the effective re- 
placement rate. If the low rate of the 
past fifteen years be the normal one, 
then it is quite apparent that continued 
large withdrawals can not be made. If, 
on the other hand, nature provides more 
bountifully in the future by furnishing a 
series of more successful spawnings, then, 
and then only, can man increase his take 
without endangering the supply. Time 
alone holds the answer. 

t Conseil Permanent International pour 1 ’‘Ex- 
ploration do la Mer; Rapports et Proces-Ver- 
baux Dea Reunions. Vol. CX, 1939. 
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When James Watt, a young civil engi- 
neer in Glasgow, obtained his first patent 
on an improved steam-engine in 1769, 
the librarian David Hume had retired to 
Edinburgh. Possibly these two Scotch- 
men never met for Watt had not yet 
proved his worth, and the popular home 
which was opened three years later at 
the corner of St. David Street was re- 
served for brilliant exponents of the pure 
intellect. Nobody would have guessed 
that an impoverished engineer without 
formal education was about to start an 
economic revolution to transform the 
world. If the two had met, if the critic 
of the scientific outlook and the wielder 
of the scientific technique had matched 
their wits, something of importance to 
the understanding of the nature of sci- 
ence might have resulted. 

There was more in common between 
Hume and Watt than appears on the 
surface. We may marvel at Hume’s 
versatility. Librarian, historian, phi- 
losopher, economist, essayist, diplomat, 
he was equally at home gathering his- 
torical data at the library of the Faculty 
of Advocates in Edinburgh, or talking 
with Madame de Pompadour in the court 
of Louis XV. But Watt also was ver- 
satile and not uncultured. It seldom is 
appreciated that he was trained as a 
mathematical instrument maker and that 
his skill in this trade, combined with an 
interest in astronomy, led to his appoint- 
ment, while still young, as technician to 
the Macfarlane Observatory at the Uni- 
versity of Glasgow. He was also, one 
should remember, a co-discoverer of the 
chemical composition of water along 
with Priestley and Cavendish. 


The significant common ground be- 
tween Hume and Watt, however, was 
their inheritance of the British empirical 
tradition. If we recall the history of 
English thought we will place Hume at 
the end of a line beginning with Francis 
Bacon who gave an empirical interpreta- 
tion to the methodology of the sciences. 
Among the men in this line were pio- 
neering scientists like the chemist Boyle 
and the physicist Newton, and philoso- 
phers like Locke and Berkeley who spec- 
ulated about the sources and limits of 
knowledge. One and all, they empha- 
sized the value of the senses as avenues 
to information about nature and them- 
selves. We have spoken of this as the 
British empirical tradition, which is not 
quite accurate. The thinker who cer- 
tainly was the first to ply the new method 
with unquestionable success was an Ital- 
ian, the father of modem dynamics, 
Galileo, whose disciples in Italy (such 
physicists as Torricelli) gave him lusty 
support. It is, nevertheless, accurate in 
general to call empiricism a British move- 
ment since on the Continent, west of 
Italy, in the great universities of the 
Low Countries and in the 61ite circles of 
Paris, scientific thought was dominated 
by the disciples of Descartes, who sought 
to base knowledge on a kind of rational 
intuition rather than on sensory obser- 
vation. And Galileo, himself, as we shall 
see later, was an empiricist only in a 
“loose” sense. 

To think of Watt as consciously be- 
longing to either of these traditions may 
seem paradoxical. A man whose excel- 
lence was in doing rather than in re- 
flective thinking will strike one as in 
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another dimension of activity from that 
in which such philosophical distinctions 
have meaning. We have nothing from 
Watt’s quill to indicate that he had the 
least interest in the struggle between the 
Cartesians and Newtonians. But it is 
possible to reconstruct the guiding 
thought in the back of his mind from 
his reading. 

Here again, however, we can not assign 
to one tradition or the other. The au- 
thors he read : for instance, the French- 
men Bion' and Bclidor* and the German 
Leupold,® were themselves engineers and 
mechanics and as unconscious of the 
basic problems of the theory of knowl- 
edge as he. But perhaps one may as- 
sume that if these men were influenced 
by Descartes at all it was only in their 
use of analytic geometry, which he in- 
vented, and in a sympathy with the 
mechanistic world-view which one branch 
of his spiritual descendants championed. 
Newton would have interested them in 
his work on the theory of gravity, and 
in his optics. 

One book read by Watt was definitely 
Newtonian. He studied it before he left 
his father’s home, and as a supplement 
or perhaps impetus to his mechanical 
and astronomical bent it no doubt left 
a deep mark upon his youthful mind. 
This work, an introduction to Newton’s 
experimental philosophy, was by a Dutch 
professor, ’s Gravesande,^, at the XJniver- 

1 Nicolas Bion, 1662-1733. Trait6 de la ooU’ 
atruction et dea principaux usages des inslru- 
menta de math^matiquea, Paris, 1752. Watt 
read the l-st ed. of the English translation by 
Edmund Stone (d. 1768) published in 1753. 
Stone, who greatly enlarged the original, was a 
student of Newton's Prinoipia, and a member 
of the Boyal Society. 

* Bernard Forest do Belidor, 1693-1761. 
Architecture hydraulique, 1-re ptie., 2 t., Paris, 
1737-39; 2-e ptie., 2 t, Paris, 1750-53. 

8 Jacob Leupold, 1674-1727. Theatruin ma- 
chinarum hydraulioarum, 2 bde. in folio, Leipzig, 
1725. Watt learned German to read this. 

4 Willem Jacob Storm van 's Gravesaiide, 
1688-1742. Phyaicea elementa maihemaiioa eX’ 
perimentia oonflrmata, sive Introductio ad philo^ 


sity of Leyden, who had known Newton 
personally. The English translation, 
which Watt read, was by another cele- 
brated Newtonian, the French refugee 
Desaguliers,® who was the first popular 
lecturer on scientific subjects in London. 

’S Gravesande’s book treated of most 
topics of interest to the physicist: body, 
motion, gravity, pressure and resistance 
of fiuids, air as an elastic fiuid, refrac- 
tion and reflection of light, the system 
of the world, etc. It emphasized the 
reign of law. What is of particular in- 
terest to us, however, is the long preface 
in which the methodology of Newton is 
stated in admirably clear and precise 
language. The function of the scientist, 
according to this preface, is not to spec- 
ulate about first causes, the foundation 
of law, or the substance in which observ- 
able properties (the phenomena or ap- 
pearances”) inhere. His task is to ob- 
serve the phenomena and by a process 
of induction to arrive at natural laws. 
The scientist’s concern, in other words, 
should be with the observable and not 
with invisible intangible metaphysical 
abstractions, nor even with a priori 
knowledge of the visible. Even the prin- 
ciples of mathematics have their basis 
in experience. Nevertheless, the preface 
commends the classical principles of uni- 

sophiam N cwtonianamy Lugduni Batavorum, 
1720. This work wont through several editions, 
and was translated into Dutch, English and 
French. In an age when scholars were either 
Cartesians or followers of Locke, 's Gravosande 
championed a midway position. Ho was elected 
to membership in tho Royal Society while visit- 
ing London. 

5 John Theophilus Dosaguliers, 1683-1744. 
Mathematical Elements of Natural Philosophy, 
confirmed by experim ents . . . translated into 
English by J.T.D. London, 1721; 6-th ed., im- 
proved by the author, 1747. Watt read this 
when he was fifteen, thus in about 1751. Desa- 
guliers was held in high esteem by Newton, and 
was elected to the Royal Society. 

The information about Watt's reading was 
taken from James Patrick Muirhead’s The Life 
of James Watt, London, 1858, p. 22, 39, 64, 75, 
83. Andrew Carnegie wrote a lively biography, 
James Watt, New York, 1905. 
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formity and parsimony, and points out 
that the scientist should be broad-minded 
enough to admit that substance, though 
he can never know anything about it, 
may have properties about which he can 
know nothing. This is to counter the 
theory that substance is the sum of ob- 
servable qualities. 

If we grant that Watt was impressed 
by this preface we may think of him as 
having inherited along with Hume the 
British tradition of empiricism. The 
portrait of Newton® which hung in his 
father’s home and which perhaps indi- 
cated the direction of the sympathy of 
the family, was a symbol in another sense 
of the same legacy. 

Now that we have looked at the com- 
mon ground occupied by Hume and 
Watt shall we turn to what is a more 
intriguing consideration from the point 
of view of the effect of each Scottish 
thinker on history! We must infer that 
a critical difference of interpretation of 
the nature of empiricism itself separated 
Hume from Watt; and this difference, 
we shall find, exemplifies vividly the 
curious dual role which empiricism has 
played in the world of science ever since. 

Had Watt been asked whether the 
iron, coal, fire and steam among which 
he dwelt were “appearances” he would 
in all probability have answered “No.” 
“Appearances” are not genuinely real. 
The hardness which one feels when the 
hand comes in contact with iron, along 
with the feeling of warmth when one 
draws near burning coals, and the sound 
of the boiling water, pumping piston- 
rods and revolving wheels when one is 
in the neighborhood of a steam-engine 
are real in a sense, but not too real. 
Such qualities should not be confused 
with the actual hard substantial facts in 

« Muirhoad, J. P., op, cit,, * * Among tho few 
articles of houRchold decoration of which the 
humble mansion of Thomas Watt and his sons 
could boast, were portraits of John Napier . . . 
and of Sir Isaac Newton.*^ p. 29. 


the world of mines, blast-furnaces and 
cotton mills. 

Hume on his own testimony recog- 
nized this same distinction when he 
stepped out of his study. But while in 
his arm-chair he saw the universe dif- 
ferently. Then the question whether 
iron and steel were analyzable without 
remainder into “appearances” would 
have brought an emphatic “Yes,” al- 
though he would have preferred the 
word “impressions” to “appearances.” 
That is, Hume while in meditative mood 
regarded the realm of sense impressions, 
memory images, images of the fancy, and 
feelings like hunger and joy as the only 
world. The other allegedly more real 
world of coal mines, blast-furnaces and 
cotton mills is a part of the panorama 
of psychical entities, is a tapestry the 
warp and woof of which are threads of 
consciousness. 

Hume’s quaint arm-chair speculation 
was the result of his taking seriously the 
dictum that all knowledge comes from 
observation. Suppose we consider the 
sentence: “Under normal atmospheric 
pressure water boils at 212 degrees Fahr- 
enheit.” This statement is commonly 
understood to mean what it says, an in- 
terpretation which we shall call loose; 
that is, it is an empirical sentence, but 
empirical only in a loose sense of em- 
pirical. For Hume, however, it would 
have had a stricter sense. He would 
have applied to it a hair-splitting literal- 
ness, and perhaps for most men would 
have seemed carping and obstinate. 
When we say that under normal at- 
mospheric pressure water boils at 212 
degrees we mean, according to Hume, 
that one pattern of sensations called fire, 
particular readings of the borometer and 
thermometer, and water at the point of 
boiling, is followed by another configura- 
tion of sensible data including those 
which we call boiling water. This is our 
meaning and it is all we know about 
the situation. Hume took with the ut- 
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most Scottish hard-headed literalness the 
idea that knowledge has its exclusive 
origin in observation. He refused to 
understand in such a sentence any mean- 
ing beyond what was capable of corrobo- 
ration in the experience of an observer. 
For him, consequently, transcendent be- 
ings like matter, efficient causation, force 
and energy drop out of the picture. 

Watt, however, along with Desaguliers, 
Newton and Galileo, understood by em- 
piricism much the same as any practical 
mechanic or technical student actually 
dealing with machines and forces would 
have understood, and would still under- 
stand to-day. Machines for a person 
who handles them are set in motion by 
a very real force generated in the com- 
bustion of coal and the expansion of 
steam. They exist for the force which 
they get and give. Such men, if they 
have any thought of the theory of knowl- 
edge, are empiricists because empiricism 
is a common-sense attitude. They have 
learned through experience that the only 
practical way of discovering how forces 
behave and how they are to be harnessed, 
and how machines are to be improved 
and manipulated, is by careful observa- 
tion over a long period, by experiment, 
testing, trial and error, and the rest of 
the battery of empirical methods. 

Hume's empiricism, as one might an- 
ticipate, was the last stage of a blind 
alley. His ‘‘Treatise,"^ as he quaintly 
wrote, was ‘‘dead born from the press.’’ 
If you wish to emphasize the value of 
observation as a means of knowing you 
can go no further than to say that noth- 
ing exists, as far as you can know, save 
immediately observed data (patches of 
color, sounds, smells, etc.). In Hume’s 
hands the empirical tradition, despite 

fA Treatise of Human Nature: "being An 
Attempt to introduce the experimental Method 
of Reasoning into Moral Subjects . . . Book I. 
Of the Understanding. London, 1739. Note 
the words ** experimental method'' in this title. 
By moral" is meant "mental" or "pertain- 
ing to mind. ' ' 


its beginnings in the laboratories of me- 
chanics, suddenly became a metaphysical 
scheme suggesting, as Thomas Huxley 
once wrote, Buddhism. Such extreme 
empiricism is poor ground for action, 
especially for the sort of action upon 
which there is a premium in an indus- 
trial world growing by leaps and bounds. 

The future lay with Watt.® To try to 
explain the origins of modern commerce 
and industry in terms of pre-Humian 
philosopliical empiricism is, no doubt, to 
oversimplify grossly. The Medici, who 
patronized Galileo, were already mer- 
chant-capitalists on a vast scale, and 
part of Galileo’s personal motivation 
was sympathy with the economic aims 
of commercial-minded rulers. He spent 
years, for instance, in the search for a 
way to determine longitude at sea — a 
clear case of business needs instigating 
research. It is also true, however, that 
Galileo’s purest theoretical researches, 
his inquiry into the rate of acceleration 
of falling bodies, turned out to have in- 
calculable value to investigators with the 
most practical of motives, the engineers. 
Thus one may say without exaggeration 
that from the beginning science proved 
an ally to the development of industry 
and commerce. This is the case more 
clearly with Watt, and in this sense one 
may affirm that the future lay with him. 
In his hands science became overwhelm- 
ingly powerful in the practical world. 

Watt grasped the needs of his age. 
Others besides him could do this, includ- 
ing the business men, which accounts for 
the comparative ease with which he was 
able to form a I'.irtnership with the 
wealthy enterpriser Matthew Boulton 
after his experiments had caused the 
bankruptcy of an earlier backer. Eng- 
land was awaiting the mastery of a new 

® Even his name has become a common noun, 
the watt, which significantly is the name of the 
practical unit of power. 

Watt was elected to the Boyal Society in 
1785, an honor which never fell to Hiime. 
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brand of mechanical energy. Consider 
the plight of the coal mines in Cornwall. 
They had become important since the 
exhaustion of the forests for the supply- 
ing of fuel in the blast-furnaces of the 
iron industry; but unfortunately flood- 
ing had made them unworkable. Ex- 
ploiters of steam before Watt: Savery 
with his Miner’s Friend and Newcomen 
with his Atmospheric^ had attacked this 
problem, but their pumps were hope- 
lessly uneconomical. They pointed, nev- 
ertheless, in the right direction. Watt’s 
flrst steam-engines were also pumps, and 
what the business men had shrewdly 
foreseen happened in little more than a 
decade : these improved pumps saved the 
mines. Another need for a prime-mover 
was in the rapidly growing textile in- 
dustry, the leader of which, Sir Richard 
Arkwright, had patented a spinning 
frame. This was destined to change the 
once pastural England into a factory- 
nation as soon as a source of energy in- 
dependent of geographical location (of 
water-falls, for instance) was harnessed. 
Watt’s engines, now advanced beyond 
the pump stage and equipped with rotary 
motion (also his invention) so that they 
could drive machinery, filled this bill. 
England was ready for Watt. But this 
should not cause us to forget that he was 
a scientist, an heir of the tradition of 
genius flowing from Galileo, Gilbert, 
Boyle and Newton. When we say that 
his invention was a chief factor in usher- 
ing in the Industrial Revolution we are 

^ DesaguHers, also, in 1721 set up a steam 
pump in his London home. 


justified in adding that the scientific out- 
look loosely understood (interpreted not 
in the way of Hume) was a chief factor. 

The moral of this sketch would be 
plainer if we expressed more succinctly 
the fortunate combination of interests, 
aside from the economic situation, which 
made science possible as a force. This 
would be in terms of the words ‘‘strict” 
and ‘ ‘ loose. ’ ’ The scientists from Galileo 
to Watt failed to distinguish between the 
strict and loose scientific outlooks. They 
did not consider whether it was possible 
to have immediate empirical experience 
of matter and force; that is, directly to 
prove their existence by observation and 
experiment. Again they failed to con- 
sider whether there was empirical justi- 
fication for their confining their atten- 
tion to one area only of empirical data ; 
size, figure, mass and motion, the quali- 
ties amenable to mathematical treatment. 
If they had been critical in these two 
respects, if they had turned the spot- 
light of their technical methods of opera- 
tion upon the ideals guiding their choice 
of what should be accepted as real and as 
representative of the real, they would 
have come to the same impasse as did 
Hume. Instead, however, they pursued 
the indulgent course. They uncritically 
abided by the Cartesian mechanized re- 
interpretation of the old Aristotelian 
efiScient cause and by the Democritean 
atoms, and they gave to shape and the 
other primary qualities a capacity for 
reflecting reality which they denied for 
instance to smell. Because of this loose 
thinking they transformed the world. 
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Mass beliefs are the most striking 
phenomena in modern civilization. To 
control them is the most important func- 
tion in the state. Knowledge of even a 
few of the laws that govern the develop- 
ment of beliefs is highly desirable. The 
unhappy changes that have taken place 
in three great European countries evi- 
dence the close linkage of the welfare 
of a nation with the use or abuse of 
persuasion. Common elements may be 
detected in the methods employed in all 
three countries and in the course of the 
change in sentiment. In Russia, Italy 
and Germany hate was developed in the 
mass of opinion, against the established 
order. In Russia the theoretical object 
of the hatred was the industrial order, 
but there was a background of revolt 
against the autocratic rule of the Czars. 
In Italy the object of the revolt was the 
socialist worker domination of industry 
that had proven itself incompetent. 
Here again a large element in the emo- 
tion was a revival of the greatness of the 
Roman Empire. In Germany the object 
of hate was the Versailles treaty, espe- 
cially the derogation of the dignity of 
the German people. Minor hates were 
toward the Jews and the government, 
both, it was alleged, because of blame 
for losing the war. Economic factors 
were not mentioned, although the gen- 
eral economic depression, following the 
war, inflation and later retrogression of 
industry was a contributory element, 
without doubt. 

In each country, the movement gave 
power to a leader. In each instance the 
leader when in power forgot his benefi- 
cent intention and threw over all signs 
of a democratic control in politics. In 
varying degrees he took charge of the 
economic life of the community, expro- 


priating many of the industries from 
former owners. The new leader did not 
hesitate to murder his opponents and in 
time many of his early supporters and to 
appropriate all the power and most of 
the wealth at the expense of both capital 
and labor. In no one of the three coun- 
tries were the promises of a more liberal 
rule kept. The fine phrases that had 
served as slogans in the overthrow of the 
old regime were kept only as a sop to 
reduce the discontent of the ruled with 
the new order. In each instance the 
leader who won was a man with little 
that would mark him for the position. 
Lenin was one of many revolutionists 
who had fallen under the notice of the 
authorities and been compelled to go 
into exile. Mussolini was an editor and 
a leader of a socialist group, but he had 
no great following in politics. 

Hitler was a man who seemed still 
less likely to attain leadership — an un- 
successful artist who seems to have 
earned a i)recarious livelihood by odd 
jobs of house painting after the war. 
There is some evidence that he is a hys- 
teric. At least a member of the Heidel- 
berg medical faculty was sent to a con- 
CMiiitration camp for saying that Hitler 
escaped service in the first world war 
by hysterical blindness. Hitler himself 
gives confirmatory evidence in his speech 
comparing his hard life with Roosevelt ^s 
opulence. He states that he was blind 
for a time and recovered. Hysteria is 
one of the few causes of a blindness that 
may be recovered from spontaneously. 
To add to his handicaps Hitler was an 
Austrian and so a foreigner. Despite 
all. Hitler marched on to power. The 
prison sentence for the Munich at- 
tempted revolt gave a chance to write 
‘‘Mein Kampf."’ His eloquence and 
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audacity accomplished the rest. He 
finally obtained, next to the communists, 
the largest number of votes in an elec- 
tion. Hindenburg feared the plan of 
von Schleicher to divide the East Prus- 
sian estates, one of which he held, and 
made Hitler chancellor. Once in power. 
Hitler abolished all but the form of the 
Reichstag and took complete power for 
himself. Even the army did not oppose 
the move, although he was repugnant to 
all their class and professional tradi- 
tions. The methods by which a single 
man can dominate a nation offer a prob- 
lem of the greatest interest. It can be 
considered in part as a phenomenon of 
the crowd in relation to a leader. Prom 
another aspect it indicates the type of 
proof that may be accepted by an 
audience or a wider group, especially of 
how far conviction is of what we call a 
rational character and how far it is 
dominated by emotion. Even if the 
analysis can not at present be complete, 
enumeration of some of the known fac- 
tors are of value. Democracy depends 
upon a control of these forces. Domina- 
tion of a nation by a single individual, 
even if he at first has the best of inten- 
tions, ultimately leads to the destruction 
of freedom. 

All agree that a man in a group has 
a different character from the same man 
alone. The degrees of difference vary 
with the size of the group and the occa- 
sion. Le Bon asserted that a man in a 
crowd becomes as a man hypnotized. He 
loses his capacity for decision, his intel- 
ligence is reduced, he becomes more emo- 
tional, he feels rather than thinks. Even 
an audience under the control of emo- 
tional speakers may show some of these 
characteristics. Hitler in * ‘ Mein Kampf ' * 
asserts that the man in an audience is 
of a mental age of eight, that you can 
not reason with an audience, you can 
only arouse the emotions. A mob as it 
starts on an illegal errand such as a 
lynching, or any even minor riot shows 
the same tendency. Any idea that is 
suggested will lead to excesses that the 


same men in their sober moments would 
repudiate. At the least the man in the 
audience is too ready to believe what he 
hears. An illustration is Borah’s state- 
ment a little before he died. He was 
asked if he had heard the President’s 
speech on foreign policy on one occasion. 
He replied '^No. I do not dare listen to 
Mr. Roosevelt. I can’t trust myself not 
to believe him, and always regret it 
later.” 

One might urge that the orator who 
plays upon the crowd may also go into a 
sort of trance. Rauschnig, a careful ob- 
server of Hitler, made the statement that 
he could talk fluently only when he 
worked himself into an emotional condi- 
tion allied to frenzy. When he was ad- 
dressed casually on ordinary questions, 
he was reticent. He seemed to have diffi- 
culty in answering a question. When 
he desired to give an answer he seemed 
to go through an intentional process of 
developing an emotion. Then he gradu- 
ally showed an intensity of response that 
was altogether beyond that appropriate 
to the size of his audience. He spoke as 
if another were speaking through him. 
A chance to analyze the character of the 
orator’s state of possession would be 
valuable and should throw light upon 
several problems of the orator and the 
crowd. One can not charge every man 
addressing an audience with being in an 
even slightly abnormal condition, but as 
we have seen, there are indications that 
some are. Most speakers who are at all 
facile probably respond better when 
speaking to an audience than when alone 
and some do markedly better. The dif- 
ference between such a mild stimulation 
and the frenzy-like state of Hitler is very 
great, probably is more than a difference 
in degree. 

One can see exaggerations of this re- 
sponse to the crowd in individuals who 
are definitely insane. A man who had 
the background of a clergyman in a 
Protestant church and who later was a 
C.I.O. labor leader experienced an attack 
of circular insanity. In the excited 
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phase when presented to a class he began 
an eloquent oration or sermon on a re- 
ligious topic. The tones were of the 
pulpit and the topic was religious rather 
than of the later labor phase of his 
career. The mental processes were not 
orderly, but the form was characteristic 
of the orator. Not too much should be 
made of this as an indication of the pos- 
sible abnormality of the speaker in gen- 
eral. Any habitual activity is likely to 
be prominent in the activity of the in- 
sane. The presence of a group served 
to start the speaking reactions with full 
gusto, and they were carried through 
with complete assurance and with effec- 
tiveness of manner. That an insane man 
in a period of exaltation falls into the 
habitual response of the orator, does not 
prove that the orator is necessarily ab- 
normal, but merely that even insanity is 
not incompatible with the speaking re- 
sponse. 

The action of the speaker on the audi- 
ence, and the general interaction of a 
man upon other men, is fundamental to 
the development of social life of all 
forms, including the economic. The 
action of the speaker on the audience is 
the best illustration, but the influence of 
the written word in press and in books 
and in recent years the influence of the 
radio is equally important. The use of 
words in moving mass opinion is propa- 
ganda. Propaganda depends upon the 
laws of social psychology or would if the 
laws of social psychology were fully 
known. The flrst law is that the mass to 
be impressed should be made or induced 
to transform itself into a crowd or a mob. 
It must be unified to the degree that 
all think, and still more, feel in unison. 
A criterion of this condition is hard to 
obtain. It seems not to be identical with 
intellectual approval, or at least less con- 
nected than one would think at first 
sight. In listening to an address man 
is only in part a rational being. Much 
more is he controlled by emotion, and the 
previous attitudes that he has built up. 


Argument implies the use of facts and 
deductions from facts by accepted logi- 
cal means to establish truth. Propa- 
ganda suggests that a conclusion that it 
is desired to establish is untrue or at 
least not quite above criticism. Propa- 
ganda is at best an argument by one in 
whom the speaker does not quite believe, 
and the term suggests that the methods 
of proof used are open to suspicion. One 
uses it of the politieal moves of an enemy 
in influencing neutral opinion or in 
seeking to undermine the loyalty of one’s 
allies or one’s own citizens. In a politi- 
cal campaign it is a not quite straightfor- 
ward use of arguments, or the use of 
false statistics in establishing a point. 
It may involve fallacies, it is also used 
for arguments not demonstrably false in 
which emotion rather than fact domi- 
nates. 

Justifiable argument, on the other 
hand, relies upon relating the conclusion 
that the speaker tries to establish to 
accepted and completely established 
principles. Sometimes, but that is rare, 
a statement may refer to a definite fact 
that can be established by witnesses. 
Most argument relies upon mentioning 
more or less closely related facts or prin- 
ciples that are known to or accepted by 
the person to be convinced and showing 
him that the conclusion to be established 
is of the same class or follows directly 
from the facts or principles that are 
mentioned and accepted. In general it 
may be asserted that belief comes from 
a reaction of what one already knows 
upon any new statement. When there 
is consistency between past knowledge 
and the assertion that is proposed for 
acceptance, belief develops; when the 
new conclusion suggested is not in har- 
mony with what is already known, it is 
rejected. Argument consists in bring- 
ing to the fore the phases of experience 
that are in harmony with the conclusion 
the pleader desires to have the audience 
accept. If it succeeds belief spreads 
from the accepted to the new and that 
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too is believed. We need not go into the 
details of the theory of proof. Proof by 
this means appears to constitute the 
essential factor in what we ordinarily 
know as logical proof. 

However, much of the conviction at- 
tained in any discussion is not to be 
referred to pure transfer of belief from 
the already accepted to the proposition 
to be established. Much even in formal 
logic syllogisms depends upon indirect 
influences, upon what Woodworth has 
called halo effects. Many of the recog- 
nized fallacies of logic can be referred 
to the influence of word or propositions 
tliat are implied but not stated by the 
words. One confuses some with all. One 
takes words suggested by the words used 
for the words themselves. The intellec- 
tual processes are themselves dependent 
upon influences that are not supposed to 
determine the decision to be made. 

More striking is it that factors that 
would be classed as emotional rather 
than intellectual exert an important in- 
fluence on the decision. Evidence for 
this has accumulated both from common 
observation and from tests of different 
kinds. One may quote Hitler for the 
results of a general impression. He, 
among living men, has made most use 
of propaganda for political purpose and 
has been most frank and cynical in stat- 
ing his conclusions. Hitler asserts over 
and over that what counts with an audi- 
ence is not reason but emotion. He 
reiterates that the discussions of the 
social democrats who dominated Ger- 
many for a dozen years before he came 
to power were entirely of a factual, 
rational character. The conclusions that 
they favored were stated with logical 
precision and based upon facts estab- 
lished fully by statistical methods, but 
they failed to have any influence because 
they were entirely lacking in emotional 
appeal. Similar statements are made by 
Chen as a result of experimental studies 
on changes in student opinion on the 
Manchurian question under the influence 
of factual as compared with emotional 


appeals. He found that attitudes as 
measured by replies to a questionnaire 
were changed markedly more by an emo- 
tional appeal than by the factual state- 
ments. 

Possibly the most direct evidence was 
an experiment by Lund on the relation 
between the pleasantness of a proposi- 
tion and the tendency to believe it. 
Lund’s method was to ask students in 
different universities to grade a series 
of propositions first for their pleasant- 
ness and then as to the willingness to 
accept them as true. The propositions 
covered a wide range in religion, politics 
and ethics. When he plotted a curve 
of degree of pleasantness and compared 
it with a curve of the acceptance as true 
of the same proposition, he found that 
the two curves overlapped in a large 
extent of their course. The coeflacient of 
correlation between the pleasure aroused 
by a proposition and the amount of 
belief showed a coefiacient of correlation 
of more than + . 80 , a very significant cor- 
respondence, If this be taken as fully 
justified it would mean that wishful 
thinking is the rule rather than the ex- 
ception. That one thinks what would be 
agreeable and then accepts the agreeable 
as true. 

Evidence is also accumulated that of 
the feeling or emotional processes, hate 
or anger is more effective than admira- 
tion or love in the arousal of belief and 
is especially effective in arousing to 
action as a result of belief. Again we 
can turn to Hitler for the practical illus- 
tration, most striking in recent times. 
Hitler shows in “Mein Kampf” that a 
constant reiteration of reasons for hating 
another group or a cause arouses the 
hearers of a group against them. Excit- 
ing hates in this way will unite the group 
that hates into a common mass that may 
make them think and act together. Hit- 
ler aroused his group and developed the 
national socialist party by expressing the 
common resentment of the German 
people against the Versailles treaty. 
This was associated with regret over the 
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lost war, the memories of the sufferings 
during the war, the economic decline of 
Germany that followed the war and the 
inflation which was permitted by the par- 
ties that governed Germany in the years 
that followed. The whole series of events 
developed a feeling of inferiority and 
uncertainty in the German people, 
directly in contrast to the overbearing 
attitude in the imperial period. It was 
all the more disheartening because of 
the previous exaltation. 

A more personal hatred was turned 
towards the Jews. This was again a 
case of increasing a race prejudice that 
was fairly wide-spread in Germany. It 
was partly a holdover from medieval 
times when it was expressed by isolation 
in the ghetto, partly it was rearoused 
through competition with the Gallician 
and other Jews who migrated to Ger- 
many from the more eastern Slavic coun- 
tries after the war. This hatred was 
tied to the resentment over the war re- 
sults with the statement that the Jews 
are responsible for losing the war. Of 
course the reasons assigned were not 
adequate for proof. This again harmon- 
izes with Hitler’s general thesis that the 
hearer is really moved by emotion, not 
by evidence. Tying responsibility for 
losing the war to the Jew was an added 
stimulus to hatred towards him. The 
weakness of the evidence was considered 
by no one except the Jew himself and 
his friends. Apology for him did not 
count in connection with Hitler’s pur- 
pose. Any man who wants to advance 
a cause or form a party finds it very 
much more effective to turn the hatred 
of the group to a man they want to 
oppose than to praise the man or cause 
they seek to favor. Societies and groups 
are held together more firmly by common 
hates than by common loyalties or loves. 

Study of propaganda in any form 
bears this out. Lasswell and Blumen- 
stock have given a detailed account of 
the methods used by communists in Chi- 
cago during the early years of the de- 
pression in which the use of hate comes 


out very clearly. This, like Hitler’s 
campaign, was definitely an attempt to 
induce a revolution in America of the 
Russian pattern. In all the maneuvers, 
emphasis was placed upon the imagined 
responsibility of definite individuals for 
the deprivations of the people. No in- 
stances in their appeals are found in 
which they state that the Russian worker 
was in a better condition. The facts 
would not support that statement. For 
propagandists that would be no bar to 
the statement. All banners and slogans 
referred merely to the difficulties of the 
lower income groups in America with 
the charge that the bosses are respon- 
sible. Much use was made of the words 
starvation, bloody bosses, oppression, 
police brutality, all designed to raise the 
emotions of pity for the victims and then 
hate for the individuals who are assumed 
to be responsible. There was no demon- 
stration that the connection asserted 
really existed, and no discussion of a 
possible remedy. The emotion is essen- 
tial. Coupled with the hatred of the 
present state is the assumption that a 
change in government or the destruction 
of the capitalist system will at once 
prove a cure-all for the difiBculties. 

Laying the Basis for Beuep or 
Attitudes 

We have said that proof in dealing 
with an audience or in a treatise is a 
process of pointing out the aspects of the 
position that you desire to establish that 
harmonize with the fundamental beliefs 
of the audience or with experiences com- 
mon to all. Obviously the next question 
that arises is how did the fundamental 
principles that are used in arguments 
themselves become established. Or from 
the practical side, if you desire to con- 
vert a community or a nation, how can 
you inculcate the basic axioms that are 
to be used in later arguments f It 
should be said that political and eco- 
nomic matters are involved in our dis- 
cussion, although analysis might show 
that many so-called rational and moral 
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principles have been inculcated in very 
much the same way. At any given time 
there is a body of beliefs stated in aphor- 
isms or formulae that can be counted on 
to be accepted in the great social body. 
Some of them embody common experi- 
ence. We can leave out the groups that 
depend upon verified scientific observa- 
tion and its laws, although a sceptic who 
observes the changes in scientific formu- 
lations from year to year or from genera- 
tion to generation may question whether 
all that is taught as science is free from 
the domination of tradition. 

Establishing these principles is more 
fundamental than the mere arguments 
of the orator, in fact the effectiveness of 
the orator depends upon them. One can 
trace the principles by studying changes 
in the beliefs of social groups as they 
occur spontaneously or by the intent of 
the leaders. Psychologists have also 
made a few studies of short range 
changes in sentiments in children and 
students from seeing movies or from 
stories and arguments. Both methods of 
approach leave much to be desired alone, 
but the results from each confirm the 
other and check with common observa- 
tion. The results indicate that what is 
accepted is a matter in part of mere 
repetition, in part they are dependent 
upon the social group by whom the state- 
ments are made, in part they are depen- 
dent upon purely emotional elements. 
They may also have a pragmatic test, 
they work or seem to work, although it is 
surprising how many statements and 
practices have been accepted as true 
through the ages that did not work and 
might easily be seen not to have worked 
— the use of charms for cures or even 
bleedings and similar surgical practices. 
Except under carefully controlled mea- 
surements and records, the measure of 
success has been very little applied and 
much that obviously is not effective con- 
tinues to be believed. 

Tracing the growth of beliefs is a fas- 
cinating subject and should offer many 
rewards in understanding the completed 


mass of doctrines of a community large 
or small. The radical thinkers in 
America assert that the school books are 
responsible for our economic faith and 
would change the books to establish a 
new faith. They assert that the found- 
ing fathers were men of means and in 
consequence assumed the sacredness of 
property, the desirability of frugality 
and honesty and the right of an owner 
or manager to direct his own business. 
Coupled with these are aphorisms about 
the American way of life that are fa- 
miliar to all, but that might' be difScult 
to enumerate from their very familiarity. 
For this the liberal group would substi- 
tute the familiar Marxian principles that 
the framers of the constitution were 
grasping members of the exploiting 
classes and that the constitution and the 
laws based upon it were framed for the 
express purpose of keeping the laboring 
classes in subjection. These principles 
are said by the American Legion to be 
embodied in widely used texts of social 
science. The charge is that the author 
has changed fundamental statements to 
give a communist bias to the teachings. 

That school textbooks are important 
in establishing certain beliefs as axioms 
is obvious. Each revolution revises the 
texts in the light of its doctrines. It is 
said the primary reader in Mexico intro- 
duced by the revolutionary government 
had a picture of a Ford assembly line 
with men with whips standing over the 
workers. When a Russian first reader 
was adopted for use in an American uni- 
versity certain pages were carefully cut 
out. It is to be assumed that it was to 
prevent the students from knowing what 
the propaganda of the soviet was, rather 
than to avoid converting them to the 
Stalin philosophy. To write the elemen- 
tary textbooks of a nation would exert 
an influence, possibly a determining in- 
fluence upon the social axioms of that 
nation. 

In general it seems that the processes 
by which attitudes are developed or prin- 
ciples that shall be accepted in a com- 
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munity are established as axioms can be 
traced to a few relatively simple pro- 
cedures. One of the easiest is persistent 
repetition, especially by a respected 
source. Many of the accepted moral pre- 
cepts are established in the family by 
hearing them over and over, with an oc- 
casional punishment for failure to follow 
them. The parents lend their authority 
to the repetition. The church and school 
add their influence when the cliild is 
older. On the whole it is repetition in an 
atmosphere for well wishinj< that gives 
strength to the admonition. 

In addition there are many obviously 
emotional elements. We have mentioned 
close correlation between pleasure and 
belief. A principle that is pleasant to the 
listener can be accepted much more 
quickly than one that is not. The bolshe- 
vist statement that only the man without 
resources deserves any place in the state 
won acclaim from the vast majority who 
belonged to that cl^ss. These men would 
not have accorded acceptance to a doc- 
trine that hailed the importance of the 
man of high intelligence or the minor 
capitalists of a community. The German 
is willing to accept the belief that all 
Aryans are superior. It is pleasant to be 
a superman. The boys of fifteen or so to 
whom Hith*r gave brown shirts and told 
that they were the hope of the nation and 
that they and the nation would prosper 
together, believed the statement in part 
because it was pleasant to believe. 

The play upon hate is equally strong. 
To believe that the owner of property 
who may seem so arrogant is really a man 
who has profited at the expense of all 
like himself raised a burn in the breast 
of the Russian that prepared him to 
murder and loot with an assurance of 
virtue that mere belief in his own im- 
portance would not have justified. When 
glorification of himself and hate of the 
possible opponent are active, the develop- 
ment of beliefs that may become the 
axioms of national or group thinking is 
easy. We see them in the patriotic as- 


sumptions of all countries and we can 
see how easy they are to transform in the 
development of the Russian and Nazi 
movements. In both many of the doc- 
trines that for ages have been accepted 
by the larger group were overthrown in 
a few years by studied propaganda. The 
social and moral axioms can be changed 
more readily in the young as can be seen 
in the black shirt fascist groups and 
brown shirts of Hitler, but the Russian 
revolution worked mainly with adults. 
All ages are susceptible to strong influ- 
ences that work upon the individuals in 
an accepted milieu. 

This is little more than a sketch of what 
needs to be done if we are to understand 
the forces that drive modern society. 
The basis for the control of a social group 
must begin by developing axioms of what 
is right and wrong. The simplest way to 
get them accepted is by repetitions of 
phrases and of acts that embody them. 
Those will be accepted that please the 
group. Wishful thinking is fundamental 
to the establishment of attitudes. These 
require a long time to establish and the 
instruction must begin at an early age if 
it is to be effective. Canadian officers in 
control of a German prison camp in 
Ontario say that men in their late teens 
and early twenties are ardent Nazis, the 
older men are sceptical. Expectation of 
personal advantage and hatred for the 
men who oppose are essential to give 
warmth to the axioms. 

When these principles or axioms are 
established by repetition in word and 
deed, they become the foundation for the 
work of the orator. Reference to them 
wakens belief for n^w propositions that 
c,an be shown to liarmonize with them. 
They furnish the unseen basis of later 
social movements. Morale comes to a 
group when it accepts a mass of common 
beliefs or emotional axioms and the 
group can be roused to enthusiasm for 
expected results, or can be roused to 
hatred of the opposing group or the 
upholders of other principles. 
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This question demands, for its useful 
consideration, a ruthless clearing of the 
ground ; it must be realized once and for 
all that as yet nothing worthy of the 
name of science exists within the societal 
range. Every candid student knows 
that “sociology’’ languishes in a well- 
deserved disrepute. A not unfriendly, 
though somewhat patronizing judgment' 
avers that it covers whatever is left over 
by economics and political science. 
There is ample warrant for dropping 
the term “sociology,” had the Greek any 
other available term to offer. For a 
name should allocate and draw boun- 
daries. If one is studying petrology, 
he knows what he is doing and so does 
everybody else. He does not, and they 
do not, when he professes the “science 
of the social.” 

But let us accept this unhappy situa- 
tion as, at any rate for the present, ir- 
remediable, and take refuge, with Pareto, 
in letting names go hang and attending 
to things. 

That we sorely need a science of 
society upon which to rest in our effort 
to get along together, is evident even 
to a fool. Nothing has happened in over 
sixty years to invalidate the chapter on 
that need in Spencer’s “Study of Sociol- 
ogy.”^ It is always the same old, the 
same pressing, the same unfulfilled need. 
Supposing men had, to govern their 
social dealings, anything remotely simi- 
lar to what they possess, to guide their 
enterprises in the range of material cul- 
ture, in the science of chemistry — what 
a relief of confusion and error would 

I A. A. Berle, reviewing T. Arnold’s “ Sym- 
bols of Government,” in Yale Eeview, summer 
number, 1936. 

8 Published in 1874, chapter I. 


the race experience! As it is there is 
nothing much to restrain mankind from 
acclaiming and following, over and over 
again, and always with fresh hope, any 
social perpetual-motion fanatic or gab- 
bling medicine-man. Men remain credu- 
lous, especially when they are in trouble, 
because there is no touchstone upon 
which to rub what is urged upon them. 
There is need for such a touchstone in 
order to become critical and discriminat- 
ing. And the only reliable stone is the 
one available, and also in daily and un- 
questioned use in the material realm, 
namely, science. 

The demand for a genuine science of 
society is rooted in two considerations: 
first, men must always struggle to live; 
and, second, their struggle must always 
be pursued in association with their fel- 
lows. 

However philosophically debatable the 
question whether life is worth living, it 
is a safe bet that the issue of the argu- 
ment will never be wholesale suicide. 
“The first task of life is to live,” and 
nature has implanted an instinct, in men 
as in animals, to see that the task is not 
evaded. That fact is not to be set aside 
because now and then some individual 
chooses death in preference to some other 
ill that seems to him greater. When 
death is risked, it is usually in the hope 
of life. Men are going on trying to keep 
alive, just as they have done from the 
outset. 

And they are going to do so together, 
not apart. Whether they have a “herd- 
instinct” or whether the world is not 
big enough for a billion Crusoes, so that 
men have to live in association whether 
or not they want to, the fact of associa- 
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tion remains. The human effort to live 
is going to be pursued conjointly. 

Beings who are going to keep on try- 
ing to live, and to live in society, must 
likewise keep on seeking the best way to 
do so. They need to know how to live 
in association. History records an end- 
less series of tentatives in the how of 
living together. Some of them have 
failed and been eliminated promptly. 
Others have persisted. The only gen- 
erality we can be sure of is that the issue 
has been decided, in all cases, by experi- 
ence. That is why tested experience is 
the surest guide there is. 

The verdict of experience may be ren- 
dered in terse, sharp and compelling 
terms, or it may be involved, cryptic and 
ambiguous. A number of tribesmen eat 
of some deadly fungus and all who have 
eaten die; then the terrified rest clap a 
taboo upon that outreaching toward a 
wider food-supply. Candles are speedily 
discarded in favor of oil-lamps, lamps 
for gas-jets, jets for electric bulbs, A 
little experience, when crystal-clear, 
convinces as to which are best for living. 
The appeal is to ‘‘common sense. 

But not all cases are so plain. An 
epidemic following the appearance of 
something unfamiliar — say, a comet — 
has often been attributed to the heavenly 
visitor; the accuracy of the white man's 
rifle has been accounted for by magic. 
We think such attributions childish, 
knowing from experience that smallpox 
is independent of astronomical happen- 
ings, and all about rifling, sighting and 
wind-gauging. That is because we have 
a great deal of accumulated experience 
to go on that simpler civilization has 
not acquired, recorded and worked over. 

Evidently “native common sense" can 
go some considerable way in enabling 
mankind to profit by experience, but by 
no means the whole distance. It is more 
at home in dealing with things — things 
that can be handled, weighed, measured, 
cut up, pulverized or destroyed — inani- 


mate things, plants and animals — in the 
main, also, things that stay the same, as 
iron always remains iron or an onion an 
onion, in distinction from varium ei 
mutahUe femina or the religion that 
needs, we are told, a new definition once 
in so often or the chameleon-like “right" 
or “justice." Can “plain common 
sense" pass upon such proposed innova- 
tions as birth control, Christian Science, 
the lottery, socialism, the New Deal? 
Evidently not. 

In dealing even with material things, 
“native common sense" has been forced 
to refine itself. It has become what Hux- 
ley said science is: ‘drained and organ- 
ized common sense." In refining itself 
into science, common sense lias had to 
drop a good many childish tricks, along 
with the acquiring of a deal of self- 
discipline, meanwhile preserving and 
developing the sterling traits of its char- 
acter. It has had to renounce wishful 
th inking, metaphysical day-dreaming 
and religious dogma, and get down to 
brass tacks in the cultivation of ita affin- 
ity for and acquaintance with experi- 
ence, also in learning how to handle 
facts of experience so as to evoke from 
them the maximum quantity and quality 
of knowledge. In the laboratory it has 
developed an efficient instrument of ex- 
perimentation, which is the staging of 
experience under varying conditions. It 
has produced the ex])crt. Let no one fail 
to realize that experience, experiment 
and expert are blood-brothers, all deriv- 
ing their being from the same primeval 
common sense. 

Science is not science unless it “makes 
sense," and nolhiiig nonsensical can be 
scientific. “Native common sense" 
usually senses the sense in what science, 
its refined progeny, does, just as it 
speedily comes to harbor contempt for 
the results of pseudoscience. It is hope- 
ful to see the “common man" put his 
life and money upon the reliability of 
the chemist while he jeers at the emo- 
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tional utopian — ^after a time, at least, 
and even though he has cheered for a 
charlatan and followed him awhile. 

Let us look for a moment at the likeness 
in method between common sense and 
science. Both rest upon experience as 
the one sure basis. Both gather facts of 
experience, compare and weigh them, 
and out of them formulate rules of 
action. Both forecast the future on the 
basis of anticipated recurrence, that is, 
by expecting things to recur about as 
they have occurred, and not otherwise — 
conditions remaining similar. The only 
real difference is that common sense acts 
more casually, with less premeditation 
and preparation, more sketchily, more 
forgetfully, where its refined version has 
been trained and organized and recorded 
and systematized. But the essential 
processes are the same in both. Among 
the practices they have in common is the 
immediate rejection of any course not 
verified, or no longer verifiable, by ex- 
perience. 

Verification on experience is much 
easier, speedier and more compelling in 
some ranges of man^s life in society than 
in others. That is why, where they have 
been dealing with material culture, men 
have worked out into science, while still 
far short of science in their handling of 
the institutions of society — property, 
government, religion, marriage and the 
family. Though the line of distinction 
between natural science and social sci- 
ence is not always sharp, as types the 
two are readily recognizable and distin- 
guishable, and may be set in contrast 
without doing any violence to the truth. 

In the societal range, as well as in the 
physical, there has prevailed the same 
necessity of trying to live on — instead 
of committing group-suicide. Men have 
to keep on trying; and they want to 
waste as little time and to suffer as little 
from dashing into blind alleys as pos- 
sible. There can be no dissent about 
that. They have never desired to make 


mistakes or to act nonsensically or to sin 
or to do anything else except what is ex- 
pedient. They want good social experts 
so ardently that they have deified many 
a quack and scalawag who was lucky 
enough to profit by some coincidence be- 
tween his promises and the course of 
events. 

Always, in social living, ‘‘something 
has got to be done,’’ and right away. 
Men are readily persuaded of this neces- 
sity, and it is often real. This was once 
the case in the now accredited sciences. 
The medicine-doctor sweated the evil 
spirit out of a sick man, so that he got 
well. “I work miracles, and by OottI 
dey come off, too.” All the sciences 
have had to make their way in the face 
of slapdash stabs, wholly irrational in 
theory, that seemed to bring about re- 
sults — and sometimes accidentally did, 
by reason of some latent virtue, irrele- 
vant to theory, that resided in them. 
Science had to put up with such coinci- 
dences on the surface of things, working 
away the while upon the solid and ra- 
tional foundation of truly verified ex- 
perience. 

In default of guiding principles, ran- 
dom tentatives have to be made until the 
substructure of principles and laws can 
be laid. It must be so, in the social 
range, for a long time yet. No fault 
is here found with the tentatives cau- 
tiously, or even incautiously, launched bj’' 
those who, on the firing line, have been 
convinced that they must do something 
on the basis of native common sense, 
buttressed, perhaps, by prayer. They 
have not been able to wait for the train- 
ing process. There is no blame for any 
of these enterprises, whether failures or 
not, so long as their initiators have used 
all the knowledge available, and disin- 
genuously. 

But any person of sense will agree with 
the foregoing contention, that if we had 
a science of society even approximating 
from afar off the science of chemistry. 
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we should be so much better oflf that this 
world would be indeed almost a new one. 
Why not try, then, to have such a sci- 
ence, instead of either drooping in de- 
jection or stabbing about aimlessly in an 
ecstasy of untrustworthy noble inten- 
tions ? 

If we are going to try to have a science 
of society, how are we to go about it! If 
you note that a certain player generally 
wins, you want to learn how he does it, 
do you not! Let it first be sadly but 
honestly recognized that we may never 
attain a genuine science within the so- 
cietal range. There are for us many 
lions in the path. But there is only the 
one path, lions or not, that has ever led 
to the kind of trained and organized 
common sense in which people show con- 
fidence — ^by act, if not by word, and even 
when they repudiate it in their words. 
It is to be noted that even the precieux 
who daintily sniffs at science as a ma- 
terialistic, vulgar, crawling thing, yet 
sends speedily for the doctor when he is 
ill. lie even pounds out his fastidious 
tremors on a typewriter that would not 
have been except for the sweating miner, 
the soiled artisan and the low-minded in- 
ventor, all henchmen of science. 

There is, I say, only one road that has 
ever led to science. It is the part of 
sense to take that road. The way to get 
another science is to learn how the ones 
we have were got, and then duplicate the 
process as we can. There is no sense in 
any other procedure — that is, if we want 
a genuine science. If we are content to 
go on with the wishful thinking, intui- 
tion, introspection, logic-grinding and 
thin speculation that have characterized 
the bulk of existing treatises on society, 
that is another matter. In that direc- 
tion lies the chance to maintain for 
‘‘sociology^’ its present reputation for 
triviality, emptiness and pretentious un- 
reliability. 

Any one who wants to participate in 
developing a genuine science of society 


must steel his soul to renunciation. He 
is going to see no startling results within 
his lifetime. He is not destined to attain 
acclaim. He is like the caisson-builder 
laboring, down there under the surface, 
at laying solid foundations for piers that 
may some time rise — ^that will assuredly 
not stand, if they do rise, unless the sub- 
structure is arduously, honestly and con- 
scientiously laid. 

Pareto warns that the student of so- 
ciety must not be in a hurry about prac- 
tical results. What he is advocating is, 
in a word, an austere, detached atten- 
tion to the development of a pure sci- 
ence. Any such advice can never be 
popular, for it has never yet broken over 
men’s minds that pure science is the 
most practical thing in the world. Sci- 
entific theorizing, pregnant with even- 
tual benefits, is still confused with the 
speculation, the intuition and the yearn- 
ing, just as scientific confidence in an- 
ticipated recurrence is identified with 
faith in divination or revelation. Many 
another besides Mr. Bryan is totally in 
the dark as regards the distinction be- 
tween an hypothesis and a guess — the 
latter being the former minus data. Sci- 
entists of note have promoted this mis- 
apprehension by pontificating about mat- 
ters quite outside the orbits of their spe- 
cial knowledge, thus betraying science to 
enemies who eagerly welcome and flatter 
antagonists who are corruptible by a 
cheap bribe of publicity. 

If this generation does not need a sci- 
ence of society, no generation in the 
world’s history has ever needed it. I 
shall not seek to labor the point in this 
era of big medicine. I shall merely sug- 
gest once again the relief and solace that 
all the nations would experience could 
they have recourse, in their welter of 
uncertainty, conflicting counsel, appre- 
hension and despair, to a universally 
recognized set of verified sequences and 
laws such as that possessed by the labora- 
tory sciences. And I do not despair of 
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the eventual attainment of something of 
the sort, comparable in spirit if not in 
perfection of technique, providing that 
enough devoted young men are led in 
the present and future to renounce ac- 
claim as the begetters of bright ideas, 
nostrums and utopias in favor of a long- 
range program of obscure toil in build- 
ing upon the solid under-structure of 
verified experience. Hasty conclusion 
easy to make, like hole in water.” 

I may have been unduly discouraging 
in citing the laboratory sciences as mod- 
els for the social sciences. It may well 
be that their techniques can never be 
duplicated within the societal range. 
Let me alter my formula: if mankind 
had a science even remotely comparable 
in its rigor and laws to other natural 
sciences than those of the laboratory — 
say, meteorology — the millennium would 
be many a parasang nearer. For these 
less exact disciplines have, at any rate, 
one element in common with the strictest 
sciences, namely, the scientific attitude. 

For one thing, they remain unemo- 
tional. The meteorologist does not faint 
away in disillusionment and despair be- 
cause a storm is indicated when he pre- 
fers fair weather. He coolly observes, 
then verifies and records his observa- 
tions, without either tears or hosannas. 
He does not propose to change the na- 
ture of the weather (as some social ex- 
perts propose to change human nature), 
but only to know about it. His personal 
wishes in the matter form no factor in 
his forecasts. He remains detached, dis- 
passionate, objective. He is a weather- 
observer, not a rain-doctor. He has no 
rattle, no jargon, no persuasive oratory. 
He makes no passes. 

If the student of social phenomena 
could do no more than assume that kind 
of attitude until it becomes with him a 
settled habit, he would have made a 
mighty stride ahead. If he finds the 
laboratory technique beyond him, as it 


probably always will be, but yet can 
qualify to take his place in the company 
of the biologist or geologist, without 
causing them to draw away as from con- 
tamination, he will be scientist enough 
for earthly purposes. 

The first thing to do is to get the ma- 
terials for the substructure together. 
That is what many an obscure student 
was doing prior to Darwin ^s architec- 
tural feat. Few of his forerunning con- 
tributors, without whose labors he could 
not have built his superstructure, had 
even the remotest idea of the general 
bearing of what they were about. 
Somebody became interested in pigeons. 
He thought, talked and lived pigeons, 
counted the feathers in their tails, 
recorded every minute detail he had 
lovingly observed, sent his results to 
some pigeon-fanciers’ journal, and died. 
Then, in the fullness of time, along came 
the man with the synthesizing mind, 
endowed also with a colossal industry. 
He grasped and put together the toil- 
some observations of the pigeon-lover, 
the horticulturist, the entomologist, and 
expressed from a mass of verified experi- 
ence an endlessly enlightening theory of 
adjustment. In some such manner, and 
in no other, there may sometime evolve 
a true science of society. It will never 
come by ‘ * thinking things out. ’ ' That is 
the way to get a product resembling 
astrology or alchemy, the product which 
we actually have, and which is no credit 
to us. A science can not be ” thought 
out.” It must be worked out. This is 
no precept of “methodology.” It is a 
piece of common sense. 

Justice Cardozo has stated the case of 
the whole science of society in what he 
says of law: “Law is not an exact sci- 
ence. There the matter ends, if we are 
willing there to end it. Exactness may 
be impossible, but it is not enough to 
cause the mind to acquiesce in inco- 
herence.” 
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Elton’s monographic study^ of popu- 
lations of mouse-like rodents and their 
ecological associates would be noteworthy 
under any conditions; when considered 
as a contribution from war-time England 
and published there in 1942, it becomes 
downright impressive. While the major 
emphasis is on population study as such, 
the possible economic importance is 
never far below the surface. In the 
grain fields of Europe, the devastations 
produced by voles and mice often assume 
high economic importance ; hence the 
study is not unrelated to “war re- 
search.” In fact, in 1939 the whole or- 
ganization for the study of animal popu- 
lations which the author had built up 
was turned to the protection of food 
from rodents as a phase of the defense 
of Britain. 

The pattern of treatment in the book 
is readily described. The first fifth is 
devoted to setting out the scale of the 
problems of populations of field mice in 
relation to European human affairs. 
This is an ecological problem which 
centers in the increase and decrease of 
population density. Research on the 
European continent has as yet done little 
to unravel the factors which underlie 
the more-or-less periodic increases in 
population density of these rodents, and 
the factors which produce the recurrent 
decreases have been partially concealed 
by attempted control measures. The 
effects produced by efforts directed 
towards population control have not 
been adequately described and hence 
defy analysis. One feature does stand 
out : whatever is or is not done by man, 

1 Voles f Mice and Lemmings; Problems in 
Population Dynamics, Charles Elton. Illus- 
trated. 496 pp. June, 1942. $10.00. Oxford 
University Press. 


there is a natural termination to each 
period of abundance. The chapter de- 
voted to Russian research on the ecology 
of animal populations is particularly 
useful not only because the intense activ- 
ity of their scientists and the scope of 
their research program match the con- 
tinental size of the Soviet Union but also 
because the published results are so 
largely a closed book to most scholars. 

The author then gives a one-chapter 
survey of conditions elsewhere, espe- 
cially in Australia and temperate North 
America where, despite the use of poison 
bait, human control measures are said to 
have been even more negligible in effect 
and, in North America, natural preda- 
tors have been more important than in 
Europe. There follows an analysis of 
two vole plagues in Great Britain in 
which there was a minimum of human 
interference. These are described in 
some detail together with a rather full 
outline of the developing research pro- 
gram on the dynamics of populations of 
mice which centers about Elton’s labora- 
tory at Oxford. 

The remaining 60 per cent, of the book 
is devoted to some of the animal popula- 
tions of more northern lands. There is 
a condensed account of the much-dis- 
cussed lemming cycles in Scandinavia 
and finally the last half of the book is 
taken up with wild-life cycles in north- 
ern Labrador. Here, attention often 
shifts for chapters at a time away from 
the mouse-like rodents to arctic and col- 
ored foxes and other aspects of the popu- 
lation problem. Also the tempo of the 
book changes; the treatment is more 
detailed and frequently tedious for the 
general reader. These slower moving 
chapters become important source mate- 
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rial for the special student. The data 
center about fur returns and the reports 
of fur traders. The pitfalls inherent in 
such sources are outlined with care, after 
which an attempt is made to make the 
data carry a full load of interpretative 
analysis. 

The discussion of cycles of abundance 
lies near the heart of the whole book. 
One notable feature is Elton’s rejection 
of the 11 + year sun-spot cycle in con- 
nection with cycles of abundance of cer- 
tain animals. A few (piotations will give 
needed perspective. In 1924 (Brit. Jour, 
Exp, Biol,, Vol. II, p. 133) Elton said: 
“I shall attempt to show that the 10 to 
11-year period of the rabbit may be due 
primarily to the 11-year period in the 
sun.” And later in the same article 
(pp. 138-139), *^If we allow for the ir- 
regularity in 1905, the rabbit period 
agrees very well with that of the sun- 
spots ; ix,y omitting the one in 1905, the 
average period for rabbits between 1845 
and 1914 is 11.5. But the 1914 one 
should have been in 1912, and this brings 
the average to 11.1, which is about that 
of the sun-spots (=11.2).” 

In his excellent small text-book, ‘‘Ani- 
mal Ecology” (1927, p. 130), Elton con- 
tinued: “The chief cause of fluctuations 
in animal numbers is the instability of 
the environment. The climate of most 
countries is always varying, in some 
cases regularly — as in the case of the 
eleven-year cycles in temi)erature and 
the frequency of tropical cyclones asso- 
ciated with the sun-spot cycle.” In the 
present book (p. 160), the conclusion is: 
“ I do not intend to go very deeply here 
into this theory about the sun-spots. 
There can be little doubt that it is 
wrong. . . . The chief point is that the 
biological rhythm is slightly shorter than 
that of the sun-spots, and long series of 
fur returns shows that the two cycles 
pass right out of phase. . . . Inciden- 
tally, it is a pity that several text book 
writers have quoted as a fact the sun- 


spot explanation of the Canadian forest 
cycle, which was explicitly put forward 
as a hypothesis to be tested by further 
research.” 

Elton still retains the possibility of an 
extra-mundane origin of these cycles of 
abundance. With regard to the lemming 
fluctuations in Scandinavia, whose sug- 
gested periodicity is three to four years, 
he concludes (p. 230) : ‘‘So we are left, 
as with the British cycle, with a good 
many hints of some great cosmic o.scilla- 
tion, expressing itself in periodic up- 
heavals in the biotic community, but we 
still lack the full key to the problem.” 
One good reason for this lack is the 
absence of any well-established physical 
cycle with a similar periodicity. 

The basic tables are arranged through- 
out the book to bring out evidence of 
periodic tendencies in population den- 
sity. The text frequently summarizes 
the intervals between peaks of abundanee 
and gives a mean value which is appar- 
ently taken seriously. The average 
length of the lemming-fox cycle in 
Northern Labrador is repeatedly given 
as approximating four years. One list- 
ing taken at random, that for colored 
fox skins traded in Ungava (p. 423), has 
intervals of “3, 3, 8, 3, 3, 2, 6, 4 or 5, 5 
or 4, 3, 4, and 5 : that is 12 cycles in 50 
years, a crude average of 4.17. If we 
average all but the long cycle of eight 
years, the result is 3.8 or exactly the same 
as for the arctic fox.” One may be par- 
doned, perhaps, for regarding such aver- 
ages with skepticism particularly when 
we read in another connection (p. 325) : 
“If the peak years are accepted to be 
1921, 1925, 1927, 1931 and 1934 (the 
last is substantially confirmed by reports 
of a falling-off in 1935, though I have 
not the actual figure), they give a period 
sequence of 4, 2, 4, 3. If 1926 was not 
really a minimum, the sequence is 4, 6, 3. 
Either involves a reversal of phase in 
the four-year cycle such as happened in 
the nineties.” The previous “reversal 
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of phase** is described on page 270 where 
the observed and hypothetical four-year 
periodicities came into complete opposi- 
tion. 

As an interested onlooker of the study 
of population fluctuations in nature, 
with the background of having read re- 
cently rather extensively concerning 
climatic and population cycles, it seems 
to me to be much more helpful at present 
to accept the variations in length of these 
swings in abundance as being an inher- 
ent, integral part of the phenomenon. 
They always occur where the records 
run for many years and are usually ob- 
served in shorter series. Such irregu- 
larities are common in biological phe- 
nomena that are essentially more simple 
than are fluctuations of population 
densities in nature. The more I consider 
the situation, at second or third hand 
to be sure, the more defensible apx)ears 
the suggestion that these recurring, 
sometimes dramatic, swings in popula- 
tion density are an expression primarily 
of interlocking factors inherent in the 
loosely integrated population. This 
view does not imply an absence of effect 
by the physical environment, which, for 
that matter, may also show shifts in the 
length of a given cycle, but it does sug- 
gest that the physical environment plays 
a more remote subsidiary role. If this 
suggestion is accepted as a working 
hypothesis, the implication is that the 
lack of a close balance in population 
numbers, year after year, results pri- 
marily from the biotic relations within 
the population in question and between 
it and other populations of plants and 
animals with which it is associated, 
rather than the oscillations being the re- 
sult of some imposed cosmic periodicity. 
If we can accept the irregularities as an 
inherent part of the phenomena at hand, 
rather than struggling, consciously or 
unconsciously, to flt the data into a 
periodicity of given average length, I 
believe we will be better prepared to 


make needed advances in the solution of 
these complex, but highly important 
population problems. 

The wealth of tabular material allows 
the reader of the current volume a much 
better chance of evaluating the reality 
of correlations between cycles of abun- 
dance of different species than is possible 
when the basic data are given solely, or 
mainly, in small-scale graphs. The lack 
of slatistical tests of the validity of pro- 
posed interpretations and correlations is 
a marked technical weakness despite the 
fact that many of the suggested correla- 
tions are shown in tabular form such 
that it is easy to make an informal esti- 
mate of their reality. 

It never seems (luite fair for a re- 
viewer to mention small errors of proof- 
reading or otherwise, unless they are 
characteristic of the book. The present 
volume is remarkably free from such, 
hence the statement (p. 110) that Mount 
Rainier is in New York State is all the 
more surprising. North Americans 
know better and, I presume, no one else 
cares. 

Elton’s stimulating and valuable study 
grew out of the work, ideas and records 
of the Oxford Bureau of Animal Popula- 
tions, of which he is the capable moving 
spirit. Their archives contain abstracts 
of obscure and fugitive writings and they 
have access to the extensive records of 
the fur trading companies and missions 
of the Canadian Northeast. The impor- 
tant, pioneering efforts of this organiza- 
tion are supported in part by Oxford 
University. Initial support from the 
New York Zoological Society is acknowl- 
edged. The financial aid has come 
mainly from British sources including 
the Royal Society, the Forestry Commis- 
sion and the Agricultural Research 
Council. 

Despite the emphasis on cycles of 
abundance, the recurring theme of the 
book is the lack of information about 
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even the more elementary aspects of 
many of these problems. As Elton em- 
phasizes, we do not know, for example, 
the actual population densities with 
which we have to deal. We do not know 
whether variation in rate of reproduc- 
tion or in mortality plays the more im- 
portant role in producing fluctuations in 
numbers. We do know that both may 
be important but we do not know the 
extent to which the two are interlocked. 
The need for the presence of trained 
ecologists on the spot in the rodent- 
ridden fields and pastures of France and 
in the northern fur country is empha- 
sized. The need for the development of 
adequate knowledge of rodent diseases 
in nature and their correlation with 
human health problems is stressed. The 
number of furs that can be safely taken 
over a period of years, the amount of 
emigration and the distances covered, 
the interlocking relations between the 
size of the populations of lemmings, dis- 
eases of foxes and of load-pulling dogs, 
these are only a few of the points con- 


cerning which ignorance is stressed. 
‘‘All [such] population research is 
tedious and requires a five- or ten-year 
run if new techniques are to be evolved 
that will produce safe results.'’ Many 
of the problems can be brought into the 
laboratory for experimental analysis 
under controlled conditions; others can 
be successfully attacked only in the field. 

Finally, “it is to be hoped that the 
reader of this book will by now have seen 
that we stand on the near shore of an 
ocean larger than any that Columbus 
explored, in which we can at present 
discern only a few islands rising out of 
the mist. Let us hope that wise govern- 
ments [and other institutions] will train 
navigators and equip them to explore 
more closely the Islands of Vole, Mouse 
and Lemming and that they will do so 
not only in order to round Cape Fox and 
cross Dog Deep, but with some idea of 
understanding, not for power alone, but 
on account of its own wildness and inter- 
est and beauty, the unstable fabric of the 
living cosmos." 


TRAVEL TO THE NATIONAL PARK AREAS 


Although the National Park Service is ac- 
customed to reporting large annual increases in 
travel, this yearns figures show a decrease of 
30 per cent, from last year, and travel for the 
month of June, 1942, as compared to June, 1941, 
showed a 60 per cent, decrease. However, an 
impressive total of approximately 16,030,000 vis- 
itors, including an estimated 650,000 members of 
the armed forces, visited the Federal park areas 
between July 1, 1941, and June 30, 1942, ap- 
proximately 4,000,000 of whom were visitors 
after December, 1941. The rubber and gasoline 
shortages, the need of conserving transportation 
equipment for use by the military and war 
agencies and the limited vacations of workers 
in war industries made advisable the curtailment 
of promotion of park attendance not only by the 


National Park Service but also to a large extent 
by the park operators. Two meetings of repre- 
sentatives of the park operators wore held with 
the director after the declaration of war. In so 
far as was consistent with the changing war 
program and the position taken by higher au- 
thority, it was agreed that the parks would re- 
main open and public-service facilities would be 
made available to provide accommodations for 
the people who are able to visit the parks. 
Special reduced rates were continued in effect 
for members of the armed forces. The park 
superintendents were delegated authority to ad- 
just rates and services to meet the rapidly chang- 
ing war conditions. — From the ** Annual Seport 
of the Director** of the United States National 
Park Service, 
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‘ GROWTH AND PATTERN IN THE 
BIOLOGICAL WORLDS 

Against parochialism in science, es- 
pecially in biology, there is no more 
potent antidote than D’Arcy Thomp- 
son’s, ‘‘On Growth and Form.” Tn the 
second edition of this atmospheric mas- 
terpiece, physicists and mathematicians 
will again find their labors bearing new 
fruits in novel settings, while engineers, 
if not depressed by the anticipations of 
dinosaurs, will detect in the vertebrate 
skeleton either the realization of their 
best structural ideas or else suggestions 
for new ones. However, for biologists 
by and large “On Growth and Form,” 
though disconcerting, should be intensely 
luminous and required reading. Even a 
layman dipping here and there is certain 
to find some weighty or delightful titbit 
in his net. 

Within the wide realm over which Pro- 
fessor Thompson has presided for over 
twenty-five years, little has happened 
domestically to change the original struc- 
ture and tactics of his book. For reasons 
usually unsuspected, morphologists have 
sterilized the analysis of finished form 
and are now concerned with incipient 
form or else browse in adjoining and tem- 
porarily more succulent jjastures. While 
the progress made by morphological out- 
patients is reflected in the revisions, most 
of the amendments derive from the 
senior sciences or represent increments 
of learning and insight that have come to 
Sir D’Arcy from almost everywhere 
since 1917. In the aggregate these addi- 
tions are massive. The list of topics, ob- 
jects and personal names in the index 
has grown from roughly 1,464 to about 
2,236. The footnotes alone would now 
make a unique compendium. Here rang- 
ing over the ages are quotations and 

1 0» Growth and Form. D’Arcy Wentworth 
Thompson. Illustrated. 1116 pp. $12.50. Au- 
gust, 1942. Cambridge: At the University 
Press; New York: The Macmillan Company. 


references often unusual and usually 
neglected; numerous fragments of his- 
tory otherwise inaccessible and some- 
times shameful; excellent shop-talk and 
piquant asides. The absence of visible 
.seams between the innovations and the 
old fabric is the more remarkable because 
of Sir D’Arcy’s way of saying things. 
His style, still hampered only by the inhi- 
bitions of sound scholarship, flows easily 
and crystalline among biological, phys- 
ical and mathematical rocks, yet modu- 
lated at will also expresses the intel- 
lectual serenity of a philosopher, the heat 
in the heart of a lover of knowledge and 
the deep feeling of a connoisseur of the 
good life. For sheer beauty it is difficult 
to match the Epilog with its significant 
and moving final tribute to the natural- 
ist, Henri Fabre. 

But what is the book about t Having 
lost none of its original virtues there is 
also no abatement in what many consider 
earmarks of original sin. Among living 
things form is a fact no less striking 
than among crystals. In both cases the 
materials out of which form fashions 
itself and the spaces within which the 
fashioning occurs have intrinsic prop- 
erties antecedent to the form. These 
properties determine what form we shall 
finally see. But every living thing be- 
gins its independent existence with an 
endowment of ancestral genes. These 
also determine what the form shall be. 
This distinction between the properties 
which an organism has because it is part 
of this world at ail and those which it 
has because its race has managed to sur- 
vive, is not always ea.sy to make but 
always easier to deny the closer a critic 
approaches the absolute zero of insight 
into physical science. 

Sir D’Arcy Thompson can hardly be 
accused of being unbiological. Long in- 
timate with living things, his constant 
reference ib the organism as an entirety, 
605 
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his concern with relevant detail, and his 
insistence that intrinsic properties of 
component materials express themselves 
only under the restraints and constraints 
imposed by the organism all confirm his 
biolo{?ical orthodoxy. What then is so 
heterodox f 

Biologists adept at witchcraft of their 
own are often curiously subdued in the 
presence of real abstractions. Having 
separated the physically intrinsic from 
the physically but not biologically ex- 
trinsic, Sir D’Arcy reduces organic form 
to a diagram illustrating the combined 
play and interplay of all the forces 
operating at both physical and biolog- 
ical levels. Identical forms, whatever 
their size and no matter what the imme- 
diate circumstances of their origin, yield 
identical force diagrams. The conse- 
quences are often startling. The pat- 
tern of a chambered nautilus and the 
shell of a one-celled foraminiferan are 
both symptoms of underlying systems of 
energy whose visible expression in either 
case is the ‘‘Archimedean Spiral. The 
shape of a jellyfish and the head of a 
hydroid polyp are equilibrium figures 
akin to a permanent splash while the 
tetrahedral angle of spicules in sponges, 
corals and sea-cucumbers points to an- 
other type of physical uniformity in the 
generating force-field. Rarely as yet can 
the forces themselves be identified. 
Everything depends on the order of 
magnitude. 

Sir D’Arcy devotes much of his space 
to the importance of mere size and ex- 
hibits the incongruities that follow when 
conclusions based on one order are trans- 
ferred without change to a totally differ- 
ent order of magnitude. Thus when cilia 
become small whips their activity and 
even location tell little about the molec- 
ular forces that are effective and main- 
tain in the one case an unstable and in 
the other a stable equilibrium. Once the 
far-reaching implications of this point 
are recognized in gross morphology, an- 
other mythological branch will crash at 
the foot of the phylogenetic tree. 


With the recognition of size per se goes 
the analysis of changes in size. Though 
always absolute, their chief importance 
becomes apparent when they are relative. 
Every organism begins at the micro- 
scopic level ; many become macro- 
scopic, and practically all undergo com- 
plication through differences in local 
growth. Both absolute and relative 
growth are discussed in the chapter on 
growth rates, but with little indication 
that the “Thompsonian Transforma- 
tions of 1917 were the forerunners, and 
still remain, the hitch of heterogony. In 
his chapter on the Theory of Transfor- 
mations Sir D’Arcy changes the relative 
values of units along conventional Car- 
tesian axes and puls the methods of the 
cartoonist to scientific use. But amazing 
as it is, the transformation of a porcu- 
pine fish into a sunfish results in some- 
thing more than fun. For “if in the evo- 
lution of a fish for instance, it be the case 
that its several and constituent parts, 
head, body and tail or this fin and that 
represent so many independent variants, 
then our coordinate system will at once 
become too complex to be intelligible 
. . . Indeed with anarchy in a nor- 
mal organism so improbable Sir D’Arcy ^s 
method is sufficiently sensitive to detect 
whether a given bone or skull in a 
paleontological series of horses or men 
belongs to the stem we happen to be 
tracing or to some related side-line. Yet 
until some young paleontologist is pre- 
pared to bestow immortality on his crit- 
ics, these transformations are likely to 
remain a red rag in the paleontological 
arena. 

If the morphologist of the future is 
to go on at any of the levels where 
“Growth and Form’’ leaves off, he must 
undergo far more rigorous discipline in 
physics, chemistry and mathematics. Ul- 
timately, Sir D’Arcy considers the 
mathematical requirement will exceed 
the competence of biologists. He en- 
visages a day when all that is really 
important in biology must become the 
property of the most highly skilled of 



BOOKS ON SCIENCE 


567 


physicists and mathematicians. Should 
this biological gloom materialize, physi- 
cists and mathematicians would need to 
become biologists and instead of dic- 
tating the terms under which they wiU 
work, must be prepared to accept dicta- 
tion from the organism. A more likely 
alternative would seem to be team-work 
among scientists of all types. In the 
meantime what one biologist has accom- 
plished single-handed should be a beacon 
light for all. Bring the distant future 
what it may, biologists working at the 
higher levels can best consolidate their 
gains and facilitate a real articulation of 
gross morphology with the newer results 
pouring in from the lower biological and 
molecular levels if they will make here 
and now wholehearted and concerted ef- 
forts to follow the trail blazed by D’Arcy 
Thompson’s ‘‘On Growth and Form.” 

Otto Glaskr 

INTERPRETATION OF SCENERY^ 

In considering “Geomorphology” by 
von Engeln, the present reviewer is ask- 
ing the (piestiou; to wdiat extent is the 
layman able to use profitably an ad- 
vanced (*ollege textbook in such a field 
of common interest as the interpretation 
of scenery? Regardless of the virtues of 
the book as a classroom guide, regardless 
of its richness of illustration and bibliog- 
raphy, will it answer adequately the 
kind of questions which may be asked by 
the earth-conscious traveler who is un- 
trained in geology and geography? A 
biology teacher or a chemical engineer 
who enjoys travel may wonder how 
“things got that way” and hope for help 
from such a book. What, for instance 
and at random, about geysers in the 
Yellowstone, or what about the Devil’s 
Tower, or, after a North Cape cruise, 
how about fiords? Obviously the book 
was not written for this purpose but, 
considered as a “Book on Science for 

1 Geomorphology, Systematic and Regional, 
O. I), von Engeln. Illustrated, xxiv + 655 pp. 
$4.50. 1942. Macmillan Company. 


Laymen,” it is being evaluated with that 
possible virtue in mind. 

Let us investigate the three topics 
mentioned above. A good impression 
comes from the index. It seems to be 
adequate, for all three items are in- 
cluded. Looking up geysers, we meet a 
little disappointment. Geysers are said 
to be not really pertinent to geomor- 
phology. We do get some helpful in- 
formation about how they obtain their 
heat though there is nothing to be found 
about the mechanism of intermittent 
eruption. 

Devil’s Tower (p. 307) appears to be 
all that remains of a domc-like igneous 
intrusion called a laccolith. There is a 
cross-section of a laccolith on the oppo- 
site page so we can discover what the 
term means, and a good picture of 
Dtwil’s Tower on the next page so we 
can put diagram and leality togetluT. 
However, we turn to the second refer- 
ence (p. 009) and find that Devil’s Tower 
is a volcanic neck, though there may be 
some dispute about it. We turn back a 
page to find out what a volcanic neck 
is and run into terms like “barrancas” 
and “planizes.” Barrancas result when 
“originally numerous, subequal, conse- 
quent-stream furrows on the sides of a 
cone are in time replaced by a compara- 
tively few deep and wide valleys.” 
Eventually we find that a volcanic nock 
is one of the forms of “the inversion of 
relief that gives extraordinary promi- 
nence to a particular type of monad- 
nock.” At this point, as laymen, we are 
likely to turn back to the remnant-lacco- 
lith idea. 

Now “fiord” ( p. 468). Here we find 
that “sea-invaded basins, which com- 
monly extend inland between nearly 
vertical walls, are fiords.*^ They were 
probably occupied in glacial times by 
tidal glaciers which ended seaward in 
great ice cliffs. So far, very good; then 
we try to follow the argument and we 
come on to “The depth of water in the 
part now evacuated is so great that the 
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above-water ice cliff would have been 
much higher than it was if the ice had 
been buoyed up at its terminus.** 

Although the topics were selected at 
random examples of the same kind might 
be multiplied. This reviewer *s conclu- 
sion is that unless the layman is prepared 
to absorb a profuse terminology and un- 
ravel involved English he will not find 
the book helpful as a reference for the 
interpretation of scenery. At the pres- 
ent time it may be fortunate that many 
foreign terms like ‘‘wadi** are included. 
Ordinarily such nomenclature is of value 
only to the advanced student and pro- 
fessional. 

If the layman is concerned with un- 
derstanding the current state of one 
aspect of the earth sciences the volume 
can be said to reflect well the minds and 
attitudes of the more progressive geo- 
morphologists. The presentation of the 
Penckian doctrines along with the tra- 
ditional American, and the frequent 
reference to dissenting opinion are in- 
dicative of a broad scientific philosophy. 
And certainly no one can read a book 
and believe that any phase of the subject 
matter is static. Geomorphology, as with 
all branches of knowledge, is “unfini.shed 
business.** 

A. C. SWINNERTON 

A STUDY OF BIRD PSYCHOLOGYi 

The work of the last decade or two on 
various aspects of bird behavior has 
changed our concepts of the “how** and 
“why*’ behind the activities of birds far 
more than has the descriptive or faunal 
work of the same period altered our ideas 
of bird classification and distributional 
history. The present book, which in- 
cludes far more than its main title im- 
plies, is a welcome summary and crit- 
ical digest of a great mass of recent 

^ Bird Display, An Introduction to the Study 
of Bird Psychology. E. A. Armstrong. Illus- 
trated. xvi4-381 pp. $5.50. December, 1942. 
The University Press, Cambridge, England 
(Macmillan). 


work on birds in practically all parts 
of the world. The bibliography contains 
approximately 600 entries, and while 
some important behavioristic studies are 
omitted, the bulk of the more significant 
ones are included. While the vast liter- 
ary material here assembled is intro- 
duced as needed into the text, the reader 
does not get the feeling of going through 
a mere series of excerpts and quotations. 
The author presents his own data and 
interpretations based on his personal ex- 
perience plus the literature, which he 
calls in as evidence when needed. 

Beginning with an account of the cere- 
monial activities of the gannet, Arm- 
strong treats of such topics as the devel- 
opment of nest-building, courtship feed- 
ing (with amusing human parallels), 
ceremonial gaping, the ‘ ‘ disablement re- 
actions** involving injury — ^feigning and 
trance-like states and activities that re- 
veal emotional states, and then goes on 
to discuss ceremonial behavior, both mu- 
tual and reciprocal, semi-solitary and 
social. This leads to a chapter on “The 
Dances of Birds and Men** followed by 
discussions of arena displays, the sex- 
ratio, territory, song and the display 
itself. 

While supporting in large measure the 
interpretive suggestions and theories of 
Lorenz, the author is much impressed by 
Eliot Howard’s semi-mystical, semi-phil- 
osophical analysis of the avian mind. 
Armstrong ends his brief account of the 
significance of display by reminding us 
that the bird’s world is like a dynamic 
system of ever-changing relationships. 
“In the words of Hippocrates: ‘Every- 
thing is in whole — part relationship, and, 
part by part, the parts in each part 
operate according to their function.* ** 

The book is not intended as easy read- 
ing, but is actually not only very read- 
able, but by virtue of its condensed rich- 
ness of data, an “easy-reading** of a 
large and scattered literature. Three in- 
dices, one to the species mentioned, one 
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to the topics, and one to the authors 
quoted, make the contents of this impor- 
tant book readily available to the inter- 
ested reader. 

Herbert Friedmann 

A TRIP AMONG THE ISLANDS OF 
THE SOUTH PACIFIC! 

A VOYAGE in a sixty-foot schooner 
through the Panama Canal and across 
the Pacific, with stops at the Galapagos, 
Marquesas, Tahiti, Samoa and Fiji, to 
Ontong Java, and then on to New 
Guinea, is in itself quite an excursion, 
but to the author of this book, merely 
the beginning. 

During the voyage, observations were 
made of migratory birds and ocean life, 
but in New Guinea the real work of 
collecting ornithological specimens and 
observing bird life was begun. Fortu- 
nately, the Dutch Administrator, Mr. 
van der Qoot, was about to make a patrol 
into the interior, and in his company the 
author made his first journey into the 
bush. Government rest houses, where 
they existed, were comfortable, but usu- 
ally home was made in rickety houses 
in native villages where society consisted 
partly of rajahs, mostly of cannibals. 
In the mountains, sleeping in wool-lined 
bags, life was different from on the coa.st, 
where a rainproof cloth over one causes 
as great humidity inside as out. Van 
der Goot adapted himself to weather 
conditions by strolling through the rain 
smoking his pipe with the bowl upside 
down, and turning it right side up when 
the rain stopped. 

^ Trail of the Money Bird, Dillon Ripley. 
Illustrated, xii ^ 306 pp. $3.50. 1942, Harper 
and Brothers. 


The author observed in New Guinea 
dances of birds of paradise, and the ac- 
tivities of the rare, New Guinea bower- 
bird. Ilis native assistants collected and 
brought to him, among other things, 
small rails, together with the little houses 
bower-birds make of leaves to rest in 
during the night. Large collections were 
made, and many unusual and new notes 
on birds were obtained. 

In addition to his ornithological work, 
Ripley experiences the usual hardships 
of travelers in the South Seas — ^bad 
weather, late Government parties, foot 
ulcers, leeches, and cold fried eggs for 
lunch. 

After the big adventure of cros.sing 
the Pacific in a small boat, and a bigger 
one in New Guinea in territory new to 
collectors, there followed the voyage 
home, first in one of the comfortable 
Dutch passenger boats to Singapore, and 
then on a freighter, a forty-nine-day trip 
around the Cape of Good Hope, to Bos- 
ton. None of the big steamers would 
take his cargo of eighty-seven live birds 
in forty-two cages. 

Three adventure trips, all in one book, 
narrated in pleasant manner touched 
with humor, make this good reading on 
subjects of interest to everyone — the 
South Sea islands; natives, wild and 
tame; and bird life. The author draws 
a picture of a region that a few years 
ago was a collector’s paradise, but even 
then conversations with settlers and Gov- 
ernment officials regarding Japanese al- 
ready there and others expected to come 
sounded an ominous note. 

A series of interesting pictures adds 
to the enjoyment of the reader. 

W. M. Mann 



THE PROGRESS OF SCIENCE 

THE NEW PRESIDENT OF THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


Those of us who belong to the large 
but favored group of Isaiah Bowman ^s 
old friends need a sharp reminder that 

everybody doesn’t know him! There 
are, strange as it seems, thousands of 
fellows and members of the association 
who have yet to learn what manner of 
individual has just become the ninety- 
third president. Their curiosity, more- 
over, probably centers around questions 
of personality and traits rather than the 
impressive list of honors and responsi- 
bilities tersely set down in ^‘American 
Men of Science,” ” Who’s Who in Amer- 
ica” and similar works of reference. 

For the benefit of all such, let it first 
be noted that President Bowman is a 
very young man. The good die young, 
according to cynics, but the true expla- 
nation is not that they die when they are 
young but that they are young when they 
die. The inexorable record tells us that 
Bowman was born on the day after 
Christmas, 1878. Yet the characteriza- 
tion of a reporter who interviewed him 
in 1935, at the time he assumed the 
presidency of The Johns Hopkins Uni- 
versity, applies with equal force to-day. 
It was: ‘‘Dr. Bowman is 57, looks 47, 
acts 37.” Any one, indeed, who fails to 
deduct a round score of years from the 
new president’s theoretical or chronolog- 
ical blood pressure and arterial elasticity 
will be bound to suffer an initial disad- 
vantage. 

It reveals no secret to state that Dr. 
Bowman has long been numbered among 
the annual candidates for the presidency 
of the association. One admirer, sending 
a letter of congratulation only last 
month, also offered to explain his elec- 
tion. “I have been voting for you for 
the last decade,” he wrote, “and the 
Council has only just reached the point 
of counting all my ballots!” 


Bowman is, and always has been, a 
geographer. No dictionary definition, 
however, encompasses the scope to which 
he has applied his chosen discipline. He 
has made his discoveries and wisdom 
bear not only upon the external world, 
but also with particular aptness upon 
sociology, history, government, interna- 
tional relations, the conservation of nat- 
ural resources, and education (including 
that of his own children no less than of 
institutions). In short, he reveals “the 
pervading soul of the geographer that 
sees the basic bearing of the frame of the 
earth and the physical as well as social 
ties of its inhabitants.” 

Bowman received his bachelor’s de- 
gree from Harvard in 1905. He still 
looked like a freshman, but he was con- 
siderably older than the average for his 
class because he had already completed 
the course in the State Normal College 
at Ypsilanti, Michigan. He then trans- 
ferred to Yale, taking his doctorate in 
1908 and remaining as instructor and 
assistant professor in the department of 
geography until 1915. In 1909, he mar- 
ried Miss Cora Olive Ooldthwait, of 
Lynn, Massachusetts. Their two sons 
were born during the period of residence 
at New Haven and a daughter was 
added to the family shortly afterwards. 

While at Yale, Bowman participated, 
either as staff geographer or as leader, 
in the several South American expedi- 
tions that opened opportunity to his 
penetrating insight and interpretive 
faculties, and led to the publication of 
one of his most delightful books, ‘‘The 
Andes of Southern Peru,” and, later, 
to ‘‘Desert Trails of Atacama.” 

In 1915, he accepted the post of direc- 
tor of the American Geographical So- 
ciety, New York City, after obtaining 
from the governing council assurances 


670 



TIfK PT{()(!HK8S OF snEX(’K 


571 




PK. ISATAH BOWMAN 





572 


THE SCIENTIFIC MONTHLY 


that gave him a free hand for the pro- 
diictive developments of the next twenty 
years. The Bulletin of this oldest of 
American geographical organizations 
was replaced by the scholarly and more 
inclusive Geographical Review, and the 
society’s headquarters rapidly became 
the center of cooperative work in geo- 
graphic science, including cartography 
and the building up of a great library, 
which has won it a unique position as an 
essential adjunct, for example, to both 
peace-time and war-time activities of the 
United States Government. 

In 1920, under Bowman’s leadership, 
the society began the greatest single 
project ever undertaken by a geographic 
institution, namely, the preparation of 
a map of Latin America in conformity 
with the .standards of the ^^Millionth- 
Map of the World” recommended by one 
of the International Geographical Con- 
gresses. This undertaking, now at the 
verge of fulfilment with all but three of 
the 107 sheets already issued, marks a 
new peak in excellence for the whole his- 
tory of New World map-making. 

As director of the American Geo- 
graphical Society, Bowman first came 
conspicuously into the public eye by 
serving as an authoritative intermediary 
between geographic exploration and a 
general understanding thereof. No man 
has been more often or more properly 
sought by the press in connection with 
geographic news. His intimate relation- 
ship with its sources throughout the 
period of his directorship is indicated by 
the society’s publications on the prob- 
lems of the polar regioms, its charts of 
the Arctic and Antarctic, and the prac- 
tical aid it has given to Stefansson, 
Wilkins, Byrd, Ellsworth, Mawson and 
the Norwegian investigators of the Far 
South. 

Nor was this advance on the physical 
frontiers sufficient. Opportunity for 
larger service in the cause of national 
welfare likewi.se appeared. In 1918, the 


building, staff and collections of the 
society were put at the disposal of the 
government for ”The Inquiry” to pre- 
pare for peace, and Dr. Bowman himself 
acted as chief territorial adviser to the 
conference in Paris. No book has 
brought the society and the author more 
honor than “The New World,” an out- 
come of these experiences in interna- 
tional affairs. 

Bowman’s influence stems, of course, 
not merely from his learning and charac- 
ter but equally from his power of con- 
centration, his quick wit, and the clarity 
and directness of his speech. lie is in- 
variably “loaded for bear” when he 
opens his mouth, a fact that makes him 
a forc*eful protagonist and a dangerous 
adversary. The latter role is well illus- 
trated by his routing of a cross-examin- 
ing attorney in the famous lied lliver 
suit, relating to the boundary between 
Texas and Oklahoma, in which Bowman 
was engaged as physiographic expert to 
testify before a commissioner of the 
United States Supreme Court. 

After drawing from Bowman a pre- 
diction as to a future j)osition of the 
.shifting channel of the Red liivtT, the 
attorney .seemiiigly lured the witness 
into the fatal commitment that lie was 
quite willing to “prophesy.” Somewhat 
to his surprise, the victim showed no 
hesitancy in accepting the bait. 

“May I ask, then,” continued the sar- 
donic lawj’er, “whether you regard 
yourself as a major, or merely a minor, 
prophet?” 

“I am called a major prophet,” re- 
sponded Bowman. 

His would-be tormentor paused, sur- 
veyed the court, and prepared for the 
kill. But his next question, demanding 
an explanation as to why an alleged man 
of science was willing to pose as a 
prophet, brought forth the riposte that 
devastated his whole attack and threw 
the court into a titter. It was only this ; 
“I am called a major prophet, because 
my name is Isaiah.” 
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We may skip, as information readily 
aeeessibJe elsewhere, the up-to-the-minute 
eataloj?ue of Dr. Bowman dozen or 
more books, six medals, thirteen honor- 
ary degrees, nine honorary fellowshii)s 
in geographic societies, etc. Of his spe- 
('ifu' accomplishments at Hopkins, the 
writer is hardly qualified to speak. 
Neither is he able to distinguish between 
the president’s personal share and that 
of his inspired colleagues with respect to 
notable and progressive changes. It is 
(uiough to say that wherever Bowman is, 
nothing stands still. The scholarship of 
Hopkins has won new laurels under his 
administration; its financial strength has 
measurably gained; it has become the 
first great university to eliminate gate 
receipts in connection with all athletic 
contests ! 

Our summary may be concluded 
somewhat randomly with a translitera- 
tion of a few of President Bowmian’s 
vigorous spoken sentiments applicable to 
questions of national and world-wide in- 
terest during the past several years. 

Conservation: Americans liave been 
willing to seal]) their land and to leave 
it a red horror. — The waste of running 
water, and attendant evils, have done 
more damage to the United States than 
all its wars. — Man, so often extolled as a 
builder and beneficent modifier, has been 
equally a waster and disorganizer of the 


forces of nature. — Pacts more valuable 
than all the gold of the Klondike lie 
buried in the climatological records at 
Washington. 

Oebgraphy: The American frontier is 
gone, but the world, including our own 
country, is still filled with pioneer zones. 
— The “frozen north has retreated 
northward faster than our school books 
have been revised. 

Educalion: The fact that you are a 
university graduate may lull you iijto a 
false sense of intellectual attainment 
before you have really begun your life. — 
There is constant need of scholarship to 
effect a reconciliation between a society 
that molds and restricts and the individ- 
ualism out of which the forces of society 
have so largely sprung. — Keep a healthy 
distrust of “common sense,” such as 
once told men the world was flat. — 
Neither scientist nor government can 
wwk on a hunch. 

Freedom: Freedom to think, to dis- 
cover and to report is more important 
than either government or society itself, 
for it was out of that freedom, or its 
winning, that there came ultimately the 
builders of our civilization. — Beware the 
false design of citizenship which asserts, 
“I am a child of the government and 
heir of my neighbors’ industry and 
prudence.” 

Robert Cushman Muruhy 


ANNUAL MEETING OF THE NATIONAL ACADEMY OF SCIENCES 


The eightieth annual meeting of the 
National Academy of Sedenees was held 
on April 26 and 27, 1943, at the Academy 
building in Washington ; it was attended 
by 114 members. No scientific papers 
were read at the meetings; the greater 
part of the sessions the first day was de- 
voted to general statements of the various 
investigations undertaken by the Acad- 
emy at the request of the government. 
President Jewett opened the discussion 
with a paper on the “National Academy 
of Sciences and Its Part in the War — 


the Academy in Relation to the Govern- 
ment,” in which he emphasized the re- 
sponsibility of the Academy toward the 
government in the field of science and its 
applications. Descriptions of various 
phases of this responsibility and of the 
steps that are being taken to meet it w^ere 
given in the following papers; 

Vannevar Bush. — The Office of Heientific Be* 
search and Development and its relation to the 
Academy in the war. James B. Uonant. — The 
National Defense Besearch Committee in its re- 
lation to the Academy during the war. A. N. 
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Hichards. — The National Academy of Sciences 
and the Committee on Medical Hesearch of the 
Office of Scientific Research and Development. 
Ross O. Harrison. — The National Research 
Council and the Avar effort. Clydr Williams 
(by invitation). — Kssential metals and minerals 
for war purposes (informal discussion by Drs. 
C. K. Leith and Zay Jeffries). W. F. Durand. — 
Application of engineering science in war. 
Lkwis H. Weed (by invitation). — The role of 
medicine in the present war. Leonard Car- 
michael (by invitation). — Psychology and the 
war. Frank G. Boudreau (by invitation). — 
Food and nutrition in war and peace. Program 
of the Food and Nutrition Board. 

P^ive medals, awarded by the Academy, 
were presented at the annual dinner on 
Monday evening, April 26, 1943: 


his leadership in the development of a 
general program of the physical ocean- 
ography of the North Atlantic, and for 
his distinguished direction of the activi- 
ties of the Woods Hole Oceanographic 
Institution both in peace and in time of 
war.’^ The medalist was presented by 
Dr. Thomas Barbour, of the Museum of 
Comparative Zoology, Cambridge, Massa- 
chusetts. 

The Daniel Giraud Elliot Medal and 
honorarium of $200, for the year 1935, 
awarded to Dr. Edwin H. Colbert, of the 
American Museum of Natural History, 
“in recognition of the high merits of the 
paper entitled, ‘Siwalik Mammals in the 





Left to right: Dr. A. Adrian Albert, professor of mathematics, The University of Chicago; Dr. 
C. G. Rossby, professor of meteorology, Tho Unhwsity of Chicago; Dr. J. W. Beams, professor 

of physics, University of Virginia. 


The Henry Draper Gold Medal, 
awarded to Dr. Ira Sprague Bowen, of 
California Institute of Technology, Pasa- 
dena, California, “in recognition of his 
contributions to astronomical physics; 
more especially his researches on tlie 
spectra and chemical composition of the 
gaseous nebulae.’^ The presentation ad- 
dress vras made by Dr. S. A. Mitchell, of 
the Leander McCormick Observatory. 

The Alexander Agassiz Gold Medal 
and honorarium of $300, awarded to Dr. 
Columbus O'Donnell Iselin II “for his 
studies of the gulf stream system, for 


American Museum of Natural History' 
published in the Transactions of the 
American Philosophical Society in 1935." 
The medalist was presented by Dr. W. K. 
Gregory, of the American Museum of 
Natural History in New York City. 

The Daniel Giraud Elliot Medal and 
honoramium of $200 for the year 
1936, awarded to Dr. Robert Cushman 
Murphy, of the American Museum of 
Natural History, “in recognition of the 
high merits of his work on ‘Oceanic Birds 
of South America’ published in two vol- 
umes in 1936.” The presentation speech 
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Top: left to right: Dr. Ijoo A. DuBridge, professor of physics, University of Rochester; Dr. 
Paul D. Foote, vice president, Gulf Research and Development Company; Dr. V. K. Zworykin, 
director, Electronic Research Laboratory, RCA Manufacturing Company. Middle: L. H. Adams, 
director. Geophysical Laboratory, Carnegie Institution of Washington; Dr. L. P. Hammett, 
professor of chemistry, (Columbia University; Dr. Walter P. Kelley, professor of agricultural 
chemistry. University of California, Citrus Experiment Station. Bottom; Dr, L. Michaclis, 
member. Rockefeller Institute for Medical Research; Dr. A. F. Buddingtoii, professor of geology, 
Princeton University; Dr. H. B. Vickery, biochemist, Connecticut Agricultural Experiment 

Station. 
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Top left to rujht Dr. C. V, Taylor, Herzstein professor of biology, Stanford Xlniversity, Dr 
W. H. Cliundler, piofessor of pomology, ITnuersity of California at Los Angeles; Dr. J. N. 
(^oucli, profpssoi of botany, University of North Carolina. Middlf Dr. Leonard Carmichael, 
president of Tufts College; Dr. Calvin P. Stone, professor of psychology, Stanford University; 
Dr. 'Wallaee 0. Fenii, professor of physiology, University of Rochester. Bottom: Dr Warfield 
T. Loiigcope, professoi of medicine, Johns Hopkins University School of Medicine; Dr. E. K. 
Marshall, Jr,, professor of pharmacology and experimental therapeutics, Johns Hopkins T^niver 
sity School of Medicine ; Dr. O. H. Robertson, professoi of medicine, The University of Chicago. 
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was made by Dr. Ross G. Harrison, of 
Yale University. 

The John J. Carty Medal and award 
for the Advancement of Science, for 
whicli the honorarium is $4,000, awarded 
to Dr. Edwin Grant Conklin, of Prince- 
ton University. The citation read: “Zo- 
ologist, Cytologist, and Embryologist; 
Philosopher, Teacher, and Scientist ; 
Student of life and of growth from low- 
liest beginnings to highest consumma- 
tion.” The medalist was ])resented by 
Dr. O. E. Buckley, of the Bell Telephone 


Membrrs of the Council (terms of three 
years). — W. Mansfield Hark, Johns Hopkins 
Medical School (reelected) ; Walter R. Miles, 
Yale University School of Medicine. 

Foreign Alfonso Caso, arche- 

ologist, Instutio Nacionai de Aiitropologia e 
IlLstoria, Mexico. Harold Spencer Jones, ns- 
troiioiner, Royal Observatory, Greenwich. Rich- 
ard Vynne Southwell, engineer, Bruseiiose Uol- 
loge, Oxford University. Charles Kdward 
Spearman, psychologist. University of London. 
Sir I)*Arc> Wentworth Thompson, zoologist, 
Uni\erHity of St. Andrews. Hendrik Johannes 
van Der Bijl, engineer. University of Pretoria, 
Pretoria, Union of South Africa. 



Top: Uft to right: Dr. W. Albert Noyes, Jr., professor of physical chemistry. University of 
Rochester; Th. Dob/hansky, pn»fess<»r of genetics, Columbia UniNersity; L. C. Dunn, professor 

of zoology, (V)lumbia T^iii\ersity. 


Laboratories. In accepting the honor 
Dr. (^niklin expressed his pleasure and 
appre(*iation of the award and his sur- 
prise that he had been selected for it. 
He reealled his long friendship with Gen- 
eral (^irty, in w^hose lionor the John J. 
Carty fund was established, and ex- 
pressed great satisfaetion in being thus 
assoeiated with one whom he had greatly 
admired and respected. 

At the business meeting held on Tues- 
day, April 27, the following offieers and 
foreign associates were elected : 

President — Frank B. Jcwott, Bell Telephone 
Laboratories; reelected for a term of four years. 

Home Secretary — F. K. Wright, Carnegie In- 
stitution of Washington; reelected for a term 
of four years. 


Twenty-six scientists were elected 
members of the Academy, whose por- 
traits, with the exception of those of Dr. 
E. J. Uohn, professor of biochemistry at 
Harvard Medical School, and Dr. Wil- 
liam V. Houston, professor of physics 
at California Institute of Technology', ap- 
pear on these pages. The present mem- 
bership of the Academy is 345, w^ith a 
membership Hmii of 450; the number of 
foreign associates is thirty-nine with a 
limit of fifty. 

The autumn meeting will be held this 
y'ear in Washington, at a date to be se- 
lected. 

F. E. Wright, 
Home Secretary 
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FRANKLIN MEDALISTS FOR 1943 


Two eminent American scientists have 
been chosen to receive the coveted Frank- 
lin Medals, which were presented at the 
annual Medal Day ceremonies at The 
Fraiiklin Institute, Philadelphia, on 
April 21. 

George Washington Pierce, who for- 
merly held the chairs of Rumford profes- 
sor of physics and Gordon McKay pro- 
fessor of communication engineering at 
Harvard University, has been chosen ‘Mn 
recognition of his outstanding inven- 
tions, his theoretical and experimental 
contributions in the field of electric com- 
munication, and his inspiring influence 
as a great teacher.^* 

Professor Pierce is the author of thirty 
or forty valuable papers in physics and 
electric communications, and is the au- 
thor of two standard books, ^4’rinciples 
of Wireless Telegraphy’’ (1910) and 
“Electric Oscillations and Electric 
Waves” (1920). 

Following the discovery of the crystal 
detector, radio made rapid strides. The 
crystal detector consists of a material, 
such as carborundum, against which a 
metallic contact' is held under light pres- 
sure. This device possesses the property 
of conducting current better in one 
direction than in the other, and the de- 
tector action is due to this property. 
Realizing the importance of the discov- 
ery, Pierce began a series of systematic 
investigations to find what other mate- 
rials possessed the same rectifying prop- 
erties, and also to discover to what this 
property is due. As a result of his in- 
vestigations, Pierce found a number of 
minerals which could be used as detec- 
tors. He applied the cathode-ray oscil- 
lograph to the study of the action and 
found that neither an electrolytic theory 
nor a thermo-electric theory could ex- 
plain the rectifying phenomenon. It is 
noteworthy that additional investigations 
have failed to provide a satisfactory ex- 
planation of the basic rectification phe- 
nomenon in crystal detectors. 


Ilis interest in the detection of electric 
oscillations led Pierce to experiment with 
mercury vapor arcs for this purpose. 
The outcome of his researches was the 
mercury vapor detector and amplifier. 
This tube is equivalent to the “Thyra- 
tron,” developed later by A. W. Hull, 
of the General Electric Research Labora- 
tories. The chief difference between 
Pierce’s tube of 1913 and the present day 
thyratron is the u.se in the latter of a hot 
cathode as a source of electrons in.stead 
of the mercury tube and “keep-alive” 
circuit employed by Pierce. However, 
he employed his tube as an amplifier as 
well as a diitector. In one of his patents 
he discloses a method of using it in a way 
which is equivalent to the present u.se of 
the mercury tube employed to record 
variable-density sound-on-fil m . 

During the last World War, Pierce 
gave his full time services to the United 
States Navy at the Naval Experimental 
Station, New London, Conn. Together 
with other well-known physicists, he was 
engaged upon diversified research re- 
lated to the creation of devices for locat- 
ing submerged submarines. His work 
touched practii^ally every aspect of the 
manifold problems arising from this en- 
tery)rise. II is profound knowledge of 
theoretical and practical physics, and his 
ability to design workable equipment 
were a source of constant amazement to 
his a.ssociates. Probably his most impor- 
tant personal contribution to the work 
was the electrical compimsator. This 
ingenious device w^as the electrical ana- 
logue to Dr. Mason’s multiple-unit acous- 
tical listening device, the MV tube. 

The electrical compensator contained 
a multiplicity of electrical lag lines 
which were invented by Pierce. These 
were formed of repeated sections, each 
consisting of a series inductive element 
and a shunt capaedtive in the higher 
audible or ultra-audible range. He was 
the first to demonstrate that such lines 
had the property of retarding electrical 
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impulses by time intervals which were 
equal to the square root of the product 
of inductance and capacitance of the in- 
dividual sections, and that the correct 
amount of mutual inductance between 
adjacent sections was beneficial to the 
transmission characteristics of the line. 

Cady pointed out in 1922 that tlie 
piezo-electric effect in quartz crystals 
could be used to control the frequency 
of electrical vacuum tube oscillators. By 
virtue of the extremely low internal vis- 
cosity and the small effect of tempera- 
ture such crystal resonators are ex- 


law to employ quartz crystal stabiliza- 
tion. Another important use is in elec- 
tric clocks and in frequency standards. 
The quartz crystal clock is probably the 
most accurate time-keeper over devised. 

When a bar of iron or nickel is mapj- 
netized it chanj^es shape due to the effect 
called ‘‘magnetostriction.*^ Also, when 
a bar of iron is deformed it jrenerates a 
maj^netic moment by a converse effect. 
These two effects may be compared to the 
direct and converse piezo-electric effects 
in a quartz (*rystal, which has just been 
describ(»(l. Pierce recojifnized that the 
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THE FRANKLIN MEDAL 


tremely stable and i)ermit control of the 
frequency of oscillators to a few parts in 
ten millions under proper conditions. 
Much impressed with Cady*s work, 
Pierce began the study of suitable oscil- 
lator circuits for use with quartz crystals. 
He produced three fundamental types of 
circuit employing one tube and one set 
of electrodes on the crystal. Cady had 
previously employed two tubes and two 
sets of electrodes, so that Pierce’s circuits 
were a considerable simplification. 

This joint invention by Cady and 
Pierce is one of the most important in- 
ventions made in radio during the past 
twenty years. Because of the necessity 
of holding frequencies to narrow limits 
all broadcasting stations are required by 


phenomenon of magnetostriction could 
be used to (control the frequency of oscil- 
lators by mechanical resonance in the 
same way as with (piartz crystals. Near 
the freqiKUicy of mechanical resonance 
bars of proper composition exhibit a 
considerable reaction on the electric im- 
pedance of a coil wound around them. 
Pierce devised a number of oscillator cir- 
cuits for making use of this property. 

Professor Pierce’s influence has been 
impressed widely upon the field of elec- 
tric communication, for the majority of 
the men who are engaged upon impor- 
tant work in radio engineering all over 
the world have studied in his classes. 
His courses in wireless telegraphy were 
among the first to be given anywhere, 



580 


THE SCIENTIFIC MONTHLY 



DR. G. W. PIERCK 


and for years were a standard on whieli 
other sehools based the development of 
their enrrienia. Pieree reeo^nized that 
tlie art of eoinmunieation was neither 
physics nor en^^ineerinj?, but a combina- 
tion of the two. He alw^ays iusivsted 
upon a liberal fjrroundin^ in mathematics 
and usually left the enjjineerinf? part to 
be developed by the student himself as 
he went alon^. 

The other Franklin Medalist is also a 
native-born American. Dr. Harold 
Clayton Urey was born in Walkerton, 
Indiana. Graduating from the Univer- 
sity of Montana with the degree of 


bachelor of science in zoology, Dr. Urey 
concentrated on chemistry when he re- 
ceiv(‘d an appointment in the laboratory 
of the Barrett Company in Philadelphia. 
Later he spent a fruitful year in the 
laboratory of Nils Bohr at Copenhagen. 
Upon his return to the United States he 
went to Johns Hopkins University as 
asso(date in chemistry, from which he 
went to Columbia University where he 
eventually became professor of chem- 
istry. 

During the past dozen years, Dr. Urey 
has written more than sixty papers for 
technical journals and is co-author with 
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Professor Knark of the book Atoms, 
Moleeules, aiul Quanta/’ He has been 
editor of the Journal of Chfrnical Physics 
sinee its inception. 

Dr. Urey has been the recipient of the 
Willard Gibbs Medal from the American 
Chemical Society, the Davy Medal from 
the Royal Society and the Nobel Prize in 
Chemistry. The award of the Franklin 
Medal is in recopiition of “his discovery 
of an isotope of Hydrojren of mass 2, 
which has resulted in tin* openinjj: of new 
fields of knowledge in three of the physi- 
cal sciences.” 

The atomic weight of an element is 
usually found as the result of some chem- 


ical procedure in which the mass of a 
given volume of the unknown element is 
compared with the mass of the same vol- 
ume of oxygen, assumed to hav(* an 
atomic weight of 16.0000. Many millions 
of atoms of the unknown element, as well 
as many millions of atoms of oxygen, 
participate in such an experiment. Un- 
less all the atoms of oxygen have identi- 
cal mass, and ail the atoms of the un- 
known element also have identical mass, 
the atomic weight so found represents 
only the average atomic weight of the 
group. In the case of hydrogen the 
atomic weight thus found has the value 
of 1.00777. 
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With the discovery of the mass spec- 
troj?raph by P. W. Aston it became possi- 
ble to calculate the atomic weight of 
particles appearing upon a spot on a 
photographic plate. Particles of differ- 
ent atomic weight were focussed upon 
different spots on the plate. Aston found 
by his method that the atomic weight of 
hydrogen is 1.00778. However, it was 
later found that normal oxygen is a mix- 
ture of 0(16) with small amount of 
0(18) and 0(16). Therefore, if we take 
the atomic weight of 0(16) as 16.0000 it 
is clear that the atomic weight of oxygen 
as found by the chemists must be slightly 
higher than 16.0000 due to the presence 
of the heavier isotope. Since the atomic 
weight of hydrogen is established by 
comparison with that of oxygen, the in- 
ference is that the atomic weight of 
hydrogen should be higher than 1.00777. 

Birge and Montzel pointed out that 
the higher value for hydrogen might be 
explained by postulating the existence of 
one or more heavier isotopes of hydro- 
gen. They estimated that if there ex- 
isted a single isotope of atomic weight 
approximately 2, thj?re would be need 
for only one atom of H(2) to 4500 atoms 
of H(l) in order to account for the dis- 
crepancy. In 1931 it was not possible to 
detect an isotope of such infrequent 
occurrence. 

At this point Dr. Urey attacked the 
problem. He realized that, in order to 
establish the existence of H(2), two 
things were required: (a) he must find 
a method of concentrating the heavier 
isotope in a sample of hydrogen so as to 
increase the frequency of its occurrence, 
and (b) he must find a more sensitive 
method of detecting the presence of the 
heavier isotopes than that provided by 
the mass spectrograph. 

Prom the thermcxlynamic theory he 
deduced that liquid H(2), deuterium, 
should have a somewhat higher boiling 
point than liquid H ( 1 ) , protium. Hence, 
he turned to fractional distillation as the 
means of concentrating deuterium by 


boiling off the protium. Since it was 
clear that the difference between the two 
boiling points must be small, he had to 
work as closely as possible to the known 
boiling point of hydrogen. We now 
know that the boiling point of protium 
is 20.4° Abs. and the boiling point of 
deuterium is 23.5° Abs. In one experi- 
ment he started with six liters of hydro- 
gen and boiled it away until there was 
left only one cubic centimeter. 

For a more sensitive method of detec- 
tion Urey turned to the spectroscope. 
Bohr’s theory of the hydrogen spectrum 
had been successful in deriving a rela- 
tionship between known physical con- 
stants and Rydberg’s number, familiar 
to all spectroscopists. This theory is 
based upon the assumption that an atom 
of hydrogen consists of a single proton 
which remains motionless w^hile an elec- 
tron revolves about it. In reality, the 
proton and the electron must both re- 
volve about a common axis which does 
not pass through the center of the pro- 
ton, just like the earth and the moon. 

If we now postulate the existence of 
deuterium, Bohr’s theory leads us to 
suppose that a deuterium atom possesses 
a structure similar to that of a protium 
atom in having a single orbital electron 
but different in having a nucleus of about 
twice the mass. Hence, Rydberg’s num- 
ber for deuterium should be a little 
larger than that for protium. 

In order to make use of a high-powered 
spectrometer and also to carry out the 
work of liquefying large quantities of 
hydrogen, Urey and his assistant, 
Murphey, went to the Bureau of Stand- 
ards, and enlisted the aid of Dr. Brick- 
wedde. They set up a spectrometer 
using a concave diffraction grating of 
21-foot focus with a dispersion of 1.3 A 
per millimeter, and photographed the 
spectrum obtained from an electric dis- 
charge in a tube containing hydrogen. 
Three samples of this gas were investi- 
gated : ordinary hydrogen, hydrogen en- 
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riched by boiling at atmospheric pressure, 
and hydrogen enriched by boiling at a 
temperature just above the triple point. 

The first photograph showed the 
strong H line accompanied by a very 
faint line on the short wavelength aide, 
which might or might not be a ghost line. 
The second photograph showed the com- 
panion line in the same location but of 
increased intensity. In the third photo- 
graph the intensity of the companion 
line was much greater, leaving no doubt 
as to the true nature of this line. The 
separation was measured as 1.313 A, very 
close to the calculated value of 1.326 A. 
Other lines in the spectrum were found 
to be accompanied by a companion on 
the short wavelength side. 

Since deuterium promised to be such 
a useful substance, if only it could be 
obtained more readily, Urey set to work 
to devise a better method of enrichment 
than fractional distillation. By the use 
of fractional electrolysis he was abl<? to 
obtain a residue containing as high as 
90 per cent, heavy atoms. 

The discovery of deuterium has proved 
to be one of fundamental importance in 
the fields of chemistry, physics, and biol- 
ogy. A new chemistry has been born in 
which every compound containing hydro- 
gen is found to acquire changed proper- 
ties when deuterium is substituted for 
protium. In the field of nuclear physics, 
deuterium has proved of inestimable 
value because of its use as a ])rojectile 
accelerated to terrific speeds in an atom- 
smashing machine. When the electron 

A WARTIME 

The need for the full mobilization of 
the trained personnel in support of the 
war effort was the tlierne of the “Na- 
tional Wartime Conference'^ held in New 
York City in May. It was sponsored by 
the American Association of Scientific 
Workers, and the United OflSce and Pro- 
fessional Workers of America, which is a 
branch of the Congress of Industrial Or- 


has been knocked off an atom of deu- 
terium there remains only the positively 
charged nucleas, or deuteron, which is 
twice as heavy as the nucleus of protium, 
or proton. In the atom smasher the deu- 
terons acquire high speed and compara- 
tively great kinetic energy which enables 
them to penetrate into the very hearts of 
much heavier atoms against which they 
are shot. The result is that these heavier 
nuclei are frequently smashed to pieces, 
giving rise to new nuclei, which means 
that new atoms with new properties have 
been artificially created, a process of 
actual artificial transmutation of ele- 
ments. 

The use of deuterium in biological 
work is interesting if not as important, 
at present, as in chemistry and physics. 
Tadpoles are killed when required to live 
in 92 per cent, heavy water. A mouse 
which has been deprived of water over- 
night showed marked signs of intoxica- 
tion when fed heavy water. The more 
of it he drank the thirstier he became, 
so that it is probable that heavy water 
is not eliminated so readily from the 
human body as ordinary water. It is 
suggested that the proportion of heavy 
water in the body slowly increases, and 
thus, perhaps, brings on old age. 

The contributions of these two distin- 
guished scientists justifies their inclusion 
in the increasing list of Franklin Medal 
winners, which already includes such 
names as Einstein, Curie, Marconi, 
Planck, Thomson and Kutherford. 

Henry Butler Allen 

CONFERENCE 

ganizations^ and twenty-one other or- 
ganizations. 

The general session was followed by 

1 Dr. Kirtley Mather, professor of geolojjy at 
Harvard University and President of the Amer- 
ican Association of Scientific Workers, served as 
conference ehoirman. The presiding officers and 
their panels on science were: Otis W. Caldwell, 
"Science and Technology"; John P. Peters, 
"Health and Welfare." 
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PRINCIPAL SPPJAKKRS IN THE ‘‘SCIENCE PANEL 

LKFT TO BIGHT; SENATOR IIARLKY M. KILGORE; mEDERirK L. HOVDE OF THE NATIONAL OKFENSE 
RESEARCH (WNCIL; DR. THEODOR ROSKHLRY, CHAIRMAN OF THE NEW YORK BRANCH OF THE 
AMERICAN ASSOCIATION OF SCIENTIFIC WORKERS; DR. ALBERT B. NEWMAN, REGIONAL ADVISER OF 
THE ENGINEERING SCIENCE MANAGEMENT WAR TRAINING; DR. OTIS W. CALDWELL, EMERITUS PRO- 
FESSOR OF EDUCATION, TEACHERS COLLEGE, (’OLITMBIA UNIVERSITY; DR. A. KENNETH GRAHAM OF 
THE WAR PRODUCTION BOARD; LEWIS A. BERNE, PRESIDENT OP THE FEDERATION OF ARCHITECTS, 
ENGINEERS, CHEMISTS AND TECHNICIANS OF THE CONGRESS OF INDUSTRIAL ORGANIZATIONS 


siinultaiieoHs panels on science and tech- 
nology, health and welfare services, edu- 
cation, white collar fields, and the arts 
and letters, eaeh of which discussed three 
themes: the j?roup\s contribution to the 
w^ar and to the peace, obstacles to the 
full(‘st participation in the war effort, 
and suj^:j 4 :estions for overcoming: them. 

The science and technoloj^y fianel em- 
phasized the need for scientists and for 
effective orjyanization and intejyratioii of 
scientific work. Mr. P'rederick Ilovde 
and Dr. Kenneth Graham described the 
work done by the Office of Scientific Re- 
search and Development and the Office of 
Production Research and Development 
of the War Production Board. 

Defective allocation of manpower con- 
tributes to a pfrowing shortap:e of trained 
personnel, Dean Albert B. Newman, of 
the Enj^ineerinp: School of the City Col- 
lepre of New York, emphasized. lie 
warned that the nation faces an acute 
sliortajjTe of adequately trained eup:ineers. 
He said that the collepces will be able to 
supply only 10,000 of the 40,000 addi- 
tional engineers needed in 1943. In- 
dustry contributes to this shortage by 


failing to request deferment for twned 
men. P^iuancial considerations and gen- 
eral public approval for a college ‘‘which 
goes 100 per cent, military’^ are moving 
many college administrators to “dismiss 
all civilian students and fill up with 
Army and Navy trainees^; the training 
given them is inadequate for tlie de- 
mands of industry. Senator Harley M. 
Kilgore, spoii.sor of the current “Science 
Mobilization Bill,“ expressed the opinion 
that the “Scientific Roster “ had not been 
used adequately. Dr. Theodor Rosebury 
pointed to the store of skills of scientific 
personnel wliich ho thought had not yet 
been brought into war activity. The 
same point was stressed by Mr. Berne. 

The speakers urged that the coopera- 
tion of scientists with other professions 
and groups be continued; they agreed 
with Dr. Mather, who stated, “This is the 
first time that representatives of all the 
professions have met together to consider 
their place in the wide perspective of 
national life. . . . Our common bond is 
our love of freedom.'^ 

Alex B. Novikoff 
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